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Ob.1  ectlve i  Riaae  At  Evaluate  coraAer dally  available  conformal  coating 
materials  used  as  protective  coatings  on  printed  circuit 
boards  in  order  to  obtain  data  for  the  preparation  of  a 
three  services  coordinated  military  specification  which  vd.ll 
provide  sufficient  physical,  mechanical  and  electrical 
properties  to  assure  satisfactory  performance  of  printed 
circuit  assemblies  over  long  storage  periods  and  under  high 
humidity  conditions. 

Phase  B;  Investigate  a  method  of  removing  the  coating  from 
the  board  to  permit  replacement  of  parts  when  necessary 
vd.thout  impairing  the  functional  operations  of  the  unit. 

Phase  C>  Evaluate,  for  possible  upgrading  purposes,  allow- 
able  minimum  spacings  between  conductors  on  uncoated  and 
coated  boards  as  described  in  paragraphs  5.1.5  of  MIL-STD- 
275a. 
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PURPOSE 


The  purpose  of  this  project  is  to  evaluate  commercially  available  conformal 
coating  materials  used  as  protective  coatings  on  printed  circuit  boards  in 
order  to  obtain  data  for  the  preparation  of  a  three  services  coordinated 
military  specification  which  will  provide  sufficient  physical,  mechanical, 
and  electrical  properties  to  assure  satisfactory  performance  of  printed 
circuit  assemblies  over  long  storage  periods  and  under  high  humidity 
conditions. 

In  this  report,  the  tasks  are  defined  as  follows:  - 
Task  A 

Investigation  of  epoxy  resin  conformal  coatings  on  XXXP,  glass- 

epoxy  and  paper-epoxy  copper  clad  laminate  series  specified  in 

l€L-P-139l:9B  and  FR  &  C  6l-SIMSA-li82. 

Phase  1  Two-part  epoxy  resin  coating  systems 

Part  1  (Jiaracteristics  of  epoxy  resin  coatings  studied. 

Part  2  Curing  Schedule. 

Phase  2  Test  Panels  used. 

Phase  3  Precoating  Prcjaration  of  Surface 

Part  1  Cleaning. 

Part  2  Soldering. 

Phase  U  Method  of  Coating  Application 

Phase  5  Physical  and  Electrical  Properties  of 
Epoxy  Resin  Coating  Systems, 

Part  1  Appearance  and  Adhesion. 

Part  2  Thickness  measurements. 

Part  3  Dielectric  Constant  and  Dissipation  Factor 
of  disc  specimens. 

Part  U  Dissipation  Factor  and  Q-Factor  of  coated  test  panels. 

Part  5  Dielectric  VJithstanding  Voltage  (initial). 

Part  6  Thermal  cycling. 

Part  7  Dielectric  'Withstanding  Voltage  (after  thermal  cycling). 
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RJRPOSE 

(Continued) 

Part  8  Insulation  resistance  and  appearance  under 
moisture  conditions. 

Part  9  Dielectric  Withstanding  Voltage  (after  moisture  test). 
Part  10  Abrasion  Resistance. 

Part  11  Ruggedizatlon. 

Part  12  Flexibility. 

Task  B 

Investigation  of  polyurethane  resin  conformal  coatings  on  XXXP 
and  glass -epoxy,  copper-clad  laminate  series  specified  in  MIL-P- 
139U9B  and  m  ft  C  6l-BIMSA-h82. 

Phases  1-5  The  same  as  Task  A  where  application  is  feasible. 

Task  C 

Investigation  of  Silicone-based  polymer  coatings  on  glass-epoxy  and 
silicone-glass  copper-clad  laminate  aeries  specified  in  HIL-P-139U9B. 

Phases  1-5  The  same  as  Task  A  where  application  is  feasible. 

Task  D 

Investigation  of  fluorinated  resin  (FEP)  based  polymers  on  teflon- 
glass  and  FEP  copper-clad  laminates  per  MIL-P-139U9B  and  MIL-P- 
27538  respectively. 

Phases  1-5  The  same  as  Task  A  where  application  is  feasible. 

Task  E 

Investigation  of  melamine  coatings  on  glass -melamine  copper-clad 
laminate . 

Phases  1-5  The  same  as  Task  A  where  application  is  feasible. 

Task  F 

Investigation  of  MIL-V-173  varnishes  on  glass-epoxy,  XXXP  and 
paper-epoxy  laminates  per  MIL-r-139ii9B, 

Phases  1-5  The  same  as  Task  A  where  application  is  feasible. 
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ABSTRACT 


Task  A 


Investigation  of  epoxy  resin  conformal  coatings  on  XXXP,  glass-epoxy, 
and  papsr-epoxy  copper  clad  laminate  series  specified  in  MIL-P-139U9B 
and  PR  &  C  61-SIMSA-482. 

Phase  $  Pliyslcal  and  Electrical  Properties  of  Epoxy  Resin  Coating  System 

Part  3  Dielectric  Constant,  Dissipation  Factor,  and  Q  Factor 

IWo-inch-disc  specimens  were  prepared  in  a  similar  method  described 
in  paragraph  U.3  of  MIL-I-16923C.  The  dielectric  constant,  dissi¬ 
pation  factor  and  Q  Factor  of  the  disc  specimens  were  measured  at 
1,  3,  6,25,  30,  50,  75,  and  100  me  using  the  resonance -rise  method 
described  in  ASTM-D-150.  It  was  found  that  as  the  frequency  increases 
the  dielectric  constant  decreases.  On  the  other  hand,  as  the  frequency 
increases,  the  dissipation  factor  decreases  to  a  minimum  between  30  and 
50  me  and  then  increases  from  50  to  100  me. 

Part  U  Q  Factor  and  Dissipation  Factor  of  the  coated  test  panels. 

The  dissipation  factor  and  Q  value  of  the  coating  was  determined, 
using  Specimen  X,  at  1,  50  and  100  me  by  calculating  the  relative 
differences  of  the  coated  and  uncoated  boards.  It  was  found  that 
the  Q  value  and  dissipation  factor  changed  with  increasing  frequency 
and  followed  the  same  pattern  described  in  part  3»  However  at  100  me, 
the  dissipation  factor  of  epoxy-paper  and  XXXP  is  high  so  that  a  true 
Q  value  and  dissipation  factor  of  the  coating  cannot  be  readily  detennined. 

Part  6  Thermal  Cycling 

All  epoxy  specimens  passed  five  cycles  of  thermal  cycling  without 
any  visible  deterioration  of  the  coating,  printed  conductors  or  base 
materials.  ^ 

Part  7  Dielectric  \7ithstanding  Voltage,  after  thermal  cycling 

All  epoxy  specimens  passed  the  tests  specified  in  paragraph  U»7.8 
of  MIL-P-55ilO  and  paragraph  h.U.3.2  of  SCL-6225. 

Part  8  Insulation  Resistance,  under  moisture  conditions 

All  epoxy  specimens  passed  the  minimum  resistance  values  of  1,0  X  10® 
ohms. after  ten  cycles  of  humidity.  However  when  examined  for  corrosion 
of  conductors  only  epoxies  C,  F  and  I  passed.  The  other  five  epoxies 
exhibited  copper  conductor  corrosion  to  various  degrees. 

Part  9  Dielectric  Withstanding  Voltage,  after  moisture  resistance 

All  epoxy  specimens,  except  epoxy  Q,  passed  the  teats  specified  in 
para,  li.7.8  of  ML-P-55110  and  para.  U.14.3.2  of  Sa-6225. 
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AB;riiiACT 

(Continued) 


Tlask  B 

Inver  iiigati on  of  polyurettiane  resin  conformal  coatings  on  XXXP,  glasc- 
epoxy  and  paper-epoxy,  copper  clad  laminate  series  specified  in  MIL-P- 
and  PR  &  C  6l-SIHSA-li02. 

Phase  5  Physical  and  Electrical  PYoperties  of  Polyurethane  Resin 
Coating  Systems 

Part  3  Dielectric  Constant,  Dissipation  Factor  &  Q  Factor 

Two  inch  disc  specimens  were  prepared  from  a  mold  shown  in  Table  X 
in  the  Appendix.  Ibis  spacing  was  used  because  of  the  low  solids 
content  of  the  polyurethane  resin  coating  systems.  Difficulty  was 
encountered  when  measuring  the  dielectric  constant  and  dissipation 
factor  at  100  me  because  of  the  high  capacity  of  the  two  inch  disc 
specimens.  IVhen  a  thicker  disc  specimen  v;as  cast,  it  was  found  not 
to  cure  fully  because  of  solvent  entrapment. 

Part  It  Q-Factor  and  Dissipation  Factor  of  the  Coated  test  panels 

The  dissipation  factor  and  Q  value  of  the  coating  was  determined, 
using  Specimen  X,  at  1,  50,  and  100  me  by  calculating  the  relative 
differences  cf  the  coated  and  unccated  boards.  It  was  found  that 
the  Q  value  and  dissipation  factor  changed  with  increasing  frequency 
and  followed  the  same  pattern  described  in  Part  3  of  Task  A,  However, 
at  ICO  inc,  the  dissipation  factor  of  epoxy-paper  and  XXXP  is  high  so 
that  a  true  Q  value  and  dissipation  factor  of  the  coating  cannot  be 
readily  determined. 

Part  6  Thermal  Qycling 

All  polyui-ethnne  specimens  fiasreri  five  cycles  of  thermal  cycling 
wj  thout  'iny  visible  deterioration  of  the  coating,  printed  conductrrs 
or  base  materials- 

Part  7  Dielectric  .Jithstending  Voltage,  after  thermal  cycling 

All  polyurethane  specimens  passed  the  tests  specified  in  paragraph 
1;.7.8  of  MIL-P-55110  and  paragraph  ^.1,3.2  of  Sa-6225. 

Part  3  Insulation  Resistance,  under  moisture  conditions 

All  polyurethane  specimens  passed  the  minimum  resistance  values  of 
1,0  X  10“  ohms  after  ten  cycles  of  humidity.  However  v;hen  examined 
for  corrosion  of  conductors  only  polyurethanes  IIH,  JG,  BB  &  AA  passed. 
The  other  polyurethane  exhibited  copper  corrosion  to  various  degrees., 
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ABSIRACT 
( Contltmed ) 


Task  C 

Investigation  of  silicone-based  polymer  coatings  on  glass-epoxy 
copper  clad  laminate  series  specified  in  MEL-P-139U9B. 

Phase  1  Silicone  base  polymer  coatings 

Part  1  Characteristics  of  silicone-base  polymer  coatings 

IWo  silicone -based  polymer  coating  for  printed  circuits  were 
obtained  from  two  manufacturers.  Ihese  two  coatings  met  the  re¬ 
quirements  of  para.  2b  of  Hi  &  C  61-SIMSA-US2 .  Ihe  two  coatings 
were  of  the  two  component  type. 

Part  2  Curing  Schedule 

All  silicone  coatings  were  cured  at  100°C  for  2  hours. 

Phase  2  Test  Panels  Used 


Same  as  discussed  in  Phase  2  of  'Task  A  of  Abstract. 

Phase  3  Precoating  Preparation  of  Surface 
Part  1  Cleaning 

Same  as  discussed  in  Phase  3  of  Task  A  of  Abstract. 

Phase  U  Method  of  coating  application 
All  specimen  panels  were  brush  coated. 

Phase  5  Physical  &  Electrical  properties  of  silicone-based  polymer  coating 

A  visual  check  of  the  two  coatings  revealed  one  of  the  coatings  wrinkled 
after  the  curing  cycle  and  was  rejected  from  further  testing.  However 
the  other  coating  showed  no  evidence  of  blistering,  wrinkling,  cracking 
and  peeling  of  coating  and  no  corrosion  of  printed  conductors.  Both 
coatings  exhibited  good  adhesion  to  specimen  test  panels. 

Part  2  Thickness  measureme nt s 


All  specimen  test  panels  were  coated  to  a  thickness  of  0.012  +  0,007  inches. 

Part  8  Insulation  Resistance  and  anpearancf  under  moisture  resistance 
conditions 

The  coating  passed  the  minimum  requirements  of  1,0  X  10®  ohms.  However 
when  examined  visually  there  was  evidence  of  copper  corrosion. 
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flJBLlCAgONS.  LECTURES.  REPdlTS  k  CCNFEREMCES 


On  November  15  &  16«  19^»  the  writer  visited  the  Research  Laboratories 
of  Minnesota  Mining  &  Mfg.  Corp.  in  St.  Paul^  Minnesota,  to  obtain  data  on 
the  effect  of  epoxy  coatings  on  printed  wiring  boards  and  means  of  repairing 
them. 


FACTUAL  DATA 


Phase  1  Two  part  epoxy  resin  coating  ayatems 

Part  3  Dielectric  Constant,  Dlaslpatlon  Factor  and  Q  Factor 

(a )  Mold  -  The  epoxy  coating  apeclmena  were  cast  in  a  mold  similar 
to  one  described  in  paragraph  U.3.1  of  MIL-I-16923C  except  that 
glass  plates  were  substituted  for  highly  polished  steel  plates. 

The  size  of  the  cast  sheet  made  was  5X5  Inches. 

(b)  2  inch  disc  specinen  -  The  mold  described  in  part  3(a)  was  heated 
to  75°C.^  The  epoxy  coating  was  mixed  according  to  the  manufacturers 
recommendations,  deaired  for  10  minutes  and  poured  Into  the  mold. 
During  the  pouring  process  care  was  taken  to  avoid  the  entrapping 
of  air  into  the  material.  The  coating  material  was  cured  at  75°C 
for  2  hours.  A  two  inch  disc  was  cut  from  the  cast  sheet  and  the 
thickness  of  the  specimen  was  measured  with  a  Micrometer  to  ensure 
that  the  two  surfaces  were  parallel  to  within  *  0.001  inch.  The 
two  inch  discs  were  measured  at  1,  3,  6.25,  307  50,  75  and  100 
megacycles . 

(c)  Procedure  -  The  procedure  used  for  measuring  dielectric  constant 
and  dissipation  factor  is  similar  to  the  one  described  in  ASTM- 
D-l50.  In  testing  these  coatings,  the  resonance  rise  method 
was  used  in  conjunction  with  a  micrometer  -  electrode  system, 

For  frequencies  from  20  to  100  me,  Boonton  Radio  Co.  Model  190-A 
Q  -  meter  Serial  No.  1195  was  used. 

For  frequencies  below  20  me,  a  Boonton  Radio  Co.  Model  260-A 
Q  -  meter  Serial  No.  159  was  used.  The  micrometer  -  electrode 
system  used  was  manufactured  by  Qeneral  Radio  Co.  Type  1690 
Dielectric  Sample  Holder  Serial  No.  U72. 

The  procedure  for  determining  the  dielectric  constant  dissipation 

factor  and  Q  factor  of  the  coatings  is  as  follows;  - 

(1)  Insert  2  inch  disc  specimen  in  between  electrode  plates 
of  Dielectric  Sample  Holder  and  screw  top  electrode  down 
until  it  is  in  contact  with  specimen. 

(2)  Resonate  Q-meter  circuit  and  note  readings  C,  on  capacitance 
dial  and  Qx  reading  on  voltmeter  scale  and  spacing  of 
electrodes  (tj^). 

(3)  Remove  specimen  from  holder  and  resonate  Q-meter  circuit  again 
by  bringing  electrodes  closer  together.  Record  new  spacing 
(t2)  and  new  Q2  reading. 
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FACTUAL  DATA 
(Continued) 


For  a  2  Inch  apeclmen  the  unknown  capacity  (C^)  Is 
Px  •  C2  ♦  4^2  “  (Bq.  1) 

where  C2  s  geometric  air  capacitance  for  spacing  (t2) 

C^  s  geometric  air  capacitance  for  spacing  (t^) 

4  C2  B  correction  for  setting  (t2)  (correction  factor 
for  dielectric  sample  holder) 

^  s  correction  for  setting  (t^)  (correction  factor 
for  dielectric  samj^e  holder) 

The  geometric  air  capacitance  (c)  for  2  Inch  disc  specimen  is  obtained 
from  the  following  formula: 

C  8  706,S  (t  •  mila  or  thousands  of  an  inch) 


Ihe  dielectric  constant  (K)  is  calculated  as  follows:  - 
K  .  ^  (Eq.  2) 

Cl 

Ihe  Q  factor  of  the  coating  (Q^)  Is  calculated  as  follows:  - 


Qx  =  Q2  Cx 
(Q2  -  Ql  )  C 


(Eq.  3) 


Prom  this  the  dissipation  factor  (Djjj)  is:  - 

Dx  s  1  =  C  /l  -  1  ^  (Bq.  U) 

The  dielectric  constant  and  dissipation  factor  data  and  graphs  for 
epoxy  coating  systems  appear  in  the  Appendix  Table  V  thru  Tbble  VIII. 

Part  Q-Factor  and  Dissipation  Factor  of  the  coated  panels 

The  Q  factor  and  dissipation  factor  was  determined  on  the  control 
specimen  and  coated  panels  at  1,  50  and  100  me.  These  tests  were 
run  on  Specimen  X  in  lieu  of  Specimen  Y  because  at  higher  "requen- 
cies,  the  lead  length  begins  to  introduce  appreciable  error  due  to 
lead  inductance.  Because  of  this  effect,  we  wanted  to  keep  our  lead 
length  from  the  specimen  to  the  measuring  Instrument  as  short  as 
possible  so  as  to  reduce  this  measurement  error. 
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FACTUAL  DATA 
(Contlnuad) 


The  procedure  used  for  determining  theee  factors  is  ae  foUowat  - 

(1)  Resonate  Q  meter  without  specimen  and  note  Q2  (Voltmeter 
Readings)  and  C2  readings* 

(2)  Flaoe  test  specimen  In  Q  meter  circuit  and  resonate 
circuit  again  and  note  and  0]^  readings. 


(3)  Oaloulate  Qx  coating  as  follows  1  > 


Qjj  2  Qi  Q2  (C  2  *  P  1  ) 

(Q  2  -  Q  1  )  C  1 


(Eq*  5) 


The  dissipation  factor  can  be  calculated  by  using  (Bq.  U) 


Ihe  relative  change  In  the  Q  of  the  coating  is  calculated 
as  follows  I  > 


(Bq.  6) 


Ihe  data  for  these  above  mentioned  readings  is  listed  In 
Appendix*  Table  IX. 
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PAC'JUAL  IMTA 
(Continued) 

Part  6  ftmperature  Cycling 

The  epoxy  test  epeclmene  were  eub jected  to  five  cycles, of 
temperature  cycling  test  described  in  Method  102Ay  Cond.  D 
of  MIL-sro-202. 

Part  7  Dielectric  Withstanding  Voltage,  after  thermal  cycling 

All  dielectric  withstanding  voltage  tests  were  made  on  a  Motozola 
built  -  Breakdown  tester  IE-8359  with  output  from  0  to  3000  v  AC 
at  60  cps.  Specimen  X  was  electrified  at  1500  V  AC  for  30  seconds 
and  Specimen  Y  electrified  at  1000  V  AC  for  1  minute. 

Part  8  Insulation  Resistance  under  moisture  conditions 

The  epoxy  specimens  were  subjected  to  lU  cycles  of  humidity  according 
to  Method  106  of  MIL-STD-202.  During  the  humidity  cycling,  100  volts 
DC  was  applied  to  Specimen  Y  and  500  volts  applied  to  specimen  X. 
Insulation  resistance  measurements  were  taken  initially  and  after  the 
first,  fifth,  seventh,  tenth  and  fourteenth  cycles  in  accordance  with 
Method  301  of  MIL-STD-302.  Prior  to  measurement.  Specimen  Y  test 
patterns  were  electrified  for  one  minute  at  100  volts  and  specimen  X 
test  patterns  were  electrified  at  500  volts  for  one  minute.  Insulation 
resistance  measurements  were  taken  with  the  test  specimens  maintained 
at  25°C  and  90-955^  relative  humidity,  A  photograph  of  the  test  set-up 
is  shown  in  the  Appendix,  p«  xvii  and  the  measurements  are  shown  in  the 
Appendix,  Page  xix. 

Part  9  Dielectric  Withstanding  Voltage,  after  moisture  resistance 

All  dielectric  withstanding  voltage  tests  were  made  on  a  Motorola 
built  -  Breakdown  tester  TE-8359  with  output  from  0  to  3000  v  AC 
at  60  cps.  Specimen  X  was  electrified  at  1500  V  AC  for  30  seconds 
and  specimen  Y  electrified  at  1000  V  AC  for  1  minute. 


Task  II 

Inver.ti:v;ation  of  polyurethane  resin  conformal  coatings  on  XXXF,  glass-epoxy 
and  papir-epoxy,  copper  clad  laminate  series  specified  in  J-iIL-P-139ll9B  and 
PR  &  C  6l-SIMSA-li82. 

Phase  5  Physical  and  Electrical  Properties  of  polyurethane  resin 
coating  systems 

Part  3  J'Jielectric  Constant,  Dissipation  Factor  and  Q- Factor 
(a)  Mold 

Since  the  urethane  coating  systems  investigated  are  of  the 
solvent  type,  the  apparatus  discussed  in  paragraph  1|,3*1  of 
MIL-I-I6923C  could  not  be  used.  We  cast  films  of  these 
coatings,  using  an  apparatus  described  below  and  pictured 
in  the  Appendix  Table  XI. 
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FACTUAL  DATA 
( Continued ) 


A  teflon  sheet  which  had  one  side  etched  was  bonded  to  a 
sheet  of  luclte  to  ensure  flatness  of  the  teflon*  The  edges 
were  built  up  with  layers  of  masking  tape  so  as  to  confine 
the  liquid  urethane  into  a  certain  area.  In  this  manner  a 
film  having  a  thickness  of  0.01$  to  0.020  Inches  could  be 
obtained. 

(b)  IVio  inch  disc  specimen 

The  coating  material  was  mixed  according  to  the  manufacturers 
instruction  and  poured  into  the  mold  doo'’'**'**''''’  nVovn, 
resultant  coatings  were  cured  for  seven  days  prior  to  cutting 
into  two  inch  discs. 

(c)  Procedure 

The  procedure  for  measuring^  the  dissipation  factor,  dielectric 
constant  and  Q  factor  is  similar  to  one  described  in  section  C, 
pait  3,  phase  $  of  Tksk  A. 

However  when  measuring  the  two  inch  disc  specimens  at  the  higher 
frequencies,  the  capacity  of  the  specimens  was  too  high  to  get 
an  accurate  measurement. 

Part  U  Q-Factor  and  dissipation  factor  of  the  coated  test  panels 

The  Q  factor  and  dissipation  factor  of  the  coated  boards  was 
determined  using  the  same  procedure  outlined  in  section  d  of  parts 
3  and  U,  Phase  5  of  Task  A  in  the  Factual  Data. 

Part  5  Temperature  Qycling 

The  polyurethane  test  specimens  were  subjected  to  five  cycles  of 
temperature  cycling  test  described  in  Method  102A,  Cond.  D  of 
MIL -STD-202. 

Part  7  Dielectric  mthstanding  Voltage ^  after  thermal  cycling 

Procedure  is  similar  to  one  outlined  in  part  7  of  phase  5, 

Ihsk  A  of  the  Factual  Data. 

Part  8  Insulation  Resistance,  under  moisture  conditions 

The  procedure  described  in  part  6,  phase  5  of  Task  A  was  followed. 

Part  9  Dielectric  Withstanding  Voltage,  after  moisture  resistance 

IVocodure  followed  is  sindlar  to  one  outlined  in  part  I4,  phase  5  of 
Task  B. 


Task  C 


Investigation  of  silicone-based  polymers  on  glass-epoxy  copper-clad  laminate 
aeries  specified  in  MIL-P-139U9B. 
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FACTUAL  I:ATA 
(Continued) 


I  ‘ 


f 

I 

i. 


L 

I 

4* 

4  • 

L 

L 
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Phase  1  Slllcone«beaed  polymer  coatings 

Part  1  Characteristics  of  silicone-based  polymer  coatings 

IVo  aanufacturers  of  comnerclally  advertised  silicons  resin 
coatings  for  printed  circuit  boards  were  contacted  and  aami:0.es 
of  their  coatings  were  received.  One  coating  was  of  the  silicone  • 
phenolic  type  whereas  the  other  was  of  the  unaodlfied  type*  Both 
coating  systems  require  addition  of  catalysts  to  facilitate  curing. 
Both  coating  systems  can  be  applied  by  brushlngi  dipping  or  spraying. 
Both  coatings  were  transparent  when  fully  cured  and  were  also  fungus 
resistant. 

Part  2  Curing  Schedule 

The  two  coating  systems  were  cured  at  lOO^C  for  2  hours. 

Phase  2  Test  Panels  Used 


The  test  panels  used  for  evaluating  these  coatings  were 

(a)  Comb  pattern  (Specimen  Y)  fabricated  in  accordance 
with  Figure  1  and  paragraph  L.li.l  of  SCL->6225. 

(b)  Two  parallel  lines  pattern  (Specimen  X)  fabricated 
in  accordance  with  Figure  1,  note  7  of  HIL-P-55110. 

A  diagram  of  these  test  patterns  appears  in  the  Appendix,  Table  III 
at  the  end  of  this  report. 

The  test  panels  were  prepared  on  the  following  copper>clad  laminates, 
0.062  inches  thick,  copper>one  side  with  one  and  two  ounces: 


Type  OE  -  Epoxy  resin  -  glass  fabric  base 
Type  GB  -  Epoxy  resin  -  glass  fabric  base,  general 
purpose,  temperature  resistant 
Type  GF  -  Epoxy  resin  -  glass  fabric,  flame  retardent 


For  each  silicone  coating,  six  test  panels  consisting  of  1  ox.  and  2  oz. 
copper  were  prepared  from  the  following  landnates; 


Laminate 


Spec.  X 

1  oa.  Cu.  2  oa.  Cu. 


Spec  Y 

1  oz.  Ou.  2  os.  Cu. 


Type  GE  3 
Type  GB  3 
Type  QF  3 
Uncoated  (control  1 


pattern  each  laminate) 


3  3  3 
3  3  3 
3  3  3 
111 
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FACTUAL  DATA 
(Continued) 


R>Me  3  firecoetlng  preneretlon  of  Surface 
hurts  1  &  2  deenlng  end  Soldering 

The  following  cleening  technique  ia  outlined  to  elininete  m  nearly 
as  possible  all  surface  eontaninates  that  would  tend  to  cause  corrosion. 
Panels  are  prepared  for  testing  using  the  following  cleaning  aethodst 

(a)  The  etched  side  of  the  boards  are  abraded  with  a  fine  grade 
of  steel  wool. 

(b)  The  leads  are  soldered  to  the  teminal  points  using 
60  >  UO  rosin  oore  soldsr. 

(c)  The  soldered  boards  are  scrubbed  in  isopropyl  alcohol 
to  remove  the  rosin  flux  and  other  contiuninants . 

Phase  it  Method  of  Coating  Application 

All  test  specimens  were  brush  coated. 

Phase  S  Physical  and  Slectrloal  Properties  of  Silicone  Resin  Coating  Systems 
Part  1  Adhesion  and  Appearance 

After  the  specimen  panels  were  coated »  they  were  visually  examined 
for  blisteringf  wrinkling,  cracking  and  peeling  of  the  coating  and 
corrosion  of  the  conductors. 

Part  2  Thickness  Keaeuremsnts 


All  specimen  test  panels  were  coated  to  a  thickness  of  0.012  +0.007 
inches.  * 


-13 


CGNCLUSION 


Tkek  A  and  B 


Investigation  of  epoxy  resin  and  polyurethane  conformal  coatings  on 
glass-epoxy  and  paper-epoxy  oopper-olad  laminate  series  specified  in  MIL- 
P-139ti9B  and  PR  &  C  61-SIMSA-U62. 

Phase  $  Physical  and  Electrical  Properties  of  Epoxy  and  polyurethane 
resin  coating  systems 

Part  3  Dielectric  Constant  and  Dissipation  Factor  k  Q  Factor  for 
epoxy  resin  coating 

Ihe  dielectric  constant  drops  as  the  frequent  increases  from 
1  to  100  me.  On  the  other  hand,  the  dissipation  factor  at  1  mo 
begins  at  one  value  and  then  drops  until  the  frequency  reaches 
30  me.  and  then  begins  to  rise  to  100  me.  This  observation 
agrees  with  Morphy  and  Morgan  (l). 

fhe  changes  in  the  dielectric  constant  and  dissipation  factor 
with  frequency  are  produced  by  the  dielectric  polarization 
which  exist  in  the  material.  The  two  most  important  polarizations, 
caused  by  various  constituents  which  make  up  the  particular  formu¬ 
lation,  are  (1)  dipole  polarization  due  to  polar  molecules  -  this 
effect  becomes  more  noticeable  in  the  higher  frequency  ranges  and 
(2)  Interfaclal  polarization  -  this  effect  is  seen  at  the  lower 
frequency  spectrum.  Each  polarization  furnishes  a  maximum  of 
value  of  dissipation  factor.  The  frequency  at  which  this  maximum 
loss  occurs  is  called  the  relaxation  frequency  for  that  polarisation. 

It  is  also  the  frequency  at  which  the  dielectric  constant  is  increasing 
at  its  greatest  rate.  From  Table  VI  and  VIII  as  the  frequency  approaches 
1  me,  the  dielectric  constant  and  dissipation  factor  begin:  to  Increase 
in  value.  This  means  that  below  1  me,  there  is  a  relaxation  frequency 
for  epoxy  materials. 

Part  6  Q-Factor  and  Dissipation  Factor  of  the  Coated  Boards 

The  following  conclusions  are  drawn  from  a  statistical  analysis  of 
the  data  for  epoxy  coated  boards i 

(1)  An  analysis  of  variance  showed  that  the  laminate  and  the 
resin  were  significantly  different.  Ihese  comparisons 
were  made  at  specific  measured  frequency.  The  highest 
Q  values  were  obtained  with  the  glass-epoxy  laminates  as 
compared  to  the  paper -base  materials.  The  following 
table  summarizes  the  Q  values  at  the  test  Arequsnolest 


Frequencies 


Rating 

1  me  50  me 

100  me 

Best 

QB  OB 

0B,QE  &  OF 

Next 

OF  OF  &  OE 

Worst 

OE,  XXXP,  EXXXP  & 

&  foxxp  XXXP 

XXXP,  EXXXP 

(1)  Murphy  and  Morgan,  "The  Dielectric  Properties  of  Insulating  Materials 
Bell  System  Technical  Journa^Vg^lS,  October  1937  p.p.  U93  -  512. 


CONCLUSION 

(continued) 


(2^)  The  Q  values  decrease  as  the  frequency  Increases  for  the 
coated  and  uncoated  boards*  The  change  from  1  to  ^  me*  and 
from  So  to  100  mo*  is  approximately  equal  Indicating  an 
approximate  linear  relationship  within  the  limits  of  1  to 
100  me* 

(3)  The  Q  values  were  lower  fot  the  coated  boards  than  for  the 
uncoated  ones*  The  variability  was  the  same* 

(li)  Ihe  rank  of  the  laminates  for  the  uncoated  boards  were  similar 
to  that  of  the  coated  laminates^  namely  (B,  QP  and  GB  followed 
by  XXXP  And  Emp* 

(5)  From  the  data,  epoxy  F  Is  rated  the  best  coating  followed  by 
epoxies  C  and  H* 

(6)  The  data  Indicates  that  there  may  be  a  decrease  of  Q  with  an 
Increase  In  thickness*  This  relation  Is  apparent  In  the  1  and 
lOOmc.  data  but  not  In  the  SOme*  data*  This  relationship  may 
be  curvilinear  but  a  full  scale  test  would  be  necessary  to 
evaluate  this. 

Part  7  Dielectric  VH-thstandlng  Voltage*  after  thermal  cycling. 

All  epoxy  and  polyurethane  specimens  passed  the  dielectric  withstanding 
voltage  tests  specified  in  paragraph  u,7,8,  of  MIL-P-55110  and 
paragraph  U.14.3.2,  of  SCL-6225* 

Part  8  Insulation  Resistance  and  Appearance  under  moisture  oondltlona 

All  epoxy  and  polyurethane  coatings,  after  fourteen  cycles  of  humidity, 
passed  the  minimum  resistance  values  of  1,0  X  10°  ohms  specified  In 
SCL-6225,  However,  when  the  test  panels  were  examined  for  corrosion  of 
conductors,  only  epoxies  C,  F  and  I  passed.  The  other  five  epoxies 
exhibited  copper  conductor  corrosion  to  various  degrees. 

On  the  corroded  test  panels,  an  Interesting  observation  was  noted.  The 
’’hot'^  conductor  on  both  specimen  X  and  Y  were  corroded  whereas  the  ground 
conductor  showed  no  evidence  of  corrosion.  Ibis  corrosion  occured  probably 
between  0  and  1  cycle  under  humidity.  This  is  evidenced  by  a  drop  in  the 
insulation  resistance  value  of  the  order  of  magnitude  of  10^  to  10^ 
depending  on  the  degree  of  corrosion  present.  After  this  initial  insulation 
resistance  drop,  the  insulation  resistance  value  increases  to  a  maximum 
and  then  decreases  as  the  number  of  humidity  cycles  Increases, 
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CCMCLUSZCII 

(Continued) 


We  have  poetulated  the  following  theory,  to  poasibly  explain 
thia  phenomenon.  Between  0  and  let  humidity  cyole,  the  coating 
abaorbe  moisture  which  tends  to  hydrolyse  the  constituents  in 
the  epoxy  formula.  A  voltage  applied  to  this  coating  accelerates 
this  hydrolysis  reaction  which  causes  a  breakdown  of  the  coating 
in  the  vicinity  of  the  "hot"  conductors.  This  breakdown  causes  the 
IR  drop  seen  after  the  1st  cycle.  !Ihe  products  of  the  hydrolysis 
reaction  corrode  the  copper  conductors.  As  the  water  absorbed  by 
the  coating  is  used  up  in  the  hydrolysis  reaction,  the  IR  value 
increases  to  a  maximum  and  then  decreases  as  more  water  is  generally 
absorbed  by  the  coating. 

A  coating  that  does  not  corrode  the  copper  conductor  when  a  voltage 
stress  is  applied  will  ehov  an  increase  or  no  change  in  the  IR  value 
at  the  first  cycle  and  then  decrease  as  the  number  of  humidity  cycles 
increases.  Typical  plots  of  corroded  and  uncorroded  test  panels  are 
shown  in  the  Appendix,  p.  xxxv. 

We  feel  from  these  results  that  we  have  a  quick  and  economical  test 
to  determine  the  corrosion  resistance  of  a  coating  under  humidity. 

Other  conclusions  drawn  from  this  experiment  are  as  follows! 

(1)  Do  the  test  results  for  test  patterns  X  and  Y  exhibit 
the  same  degree  of  variability? 

The  following  table  summarizes  the  average  ranges  in 
logarithms  for  the  two  patterns  and  two  types  of  coatings. 

#  of  samples  Average  range  readings  #  of  samples  Average  range  readings 

190  0.289  200  0.26li 

1U8  0.U61  150  0.263 

Ihe  only  odd  value  was  that  obtained  using  pattern  Y 
«  on  the  polyurethanes  or  more  variability  was  obtained 
using  pattern  Y  on  polyurethanes.  '.fl.th  the  epoxy  the 
two  test  patterns  have  equivalent  variability.  These 
conclusions  are  drawn  at  a  significant  level  of 
From  this  analysis.  Pattern  X  should  be  used  more 
extensively  in  lieu  of  Pattern  Y. 

The  test  results  of  test  patterns  X  and  Y  are  correlated. 

A  correlation  coefficient  of  .765  was  obtained  which  shows 
correlation  at  a  level  of  reliability  of  better  than  99.956. 


Epoxy 

Polyurethane 


.16. 


ccNauaai 

(CpntlnurfA) 


(2)  What  effect  does  thlcknees  of  coating  have  on  the 
Ineulaticn  reeietance  value  under  hunLdlty? 

Only  the  epoxies  were  evaluated  for  this  paraneter. 

It  was  deternlned  that  when  a  lOOSt  solids  coating 
was  used  such  as  epoxy  A,CfD|Ey  the  Insulation  resis¬ 
tance  Increases  with  Increasing  thickness*  However  for 
solvent-based  epoxy  coatings  such  as  tt  I,  the 

insulation  resistance  decreases  with  increasing  thickness* 

A  plausible  explanation  for  this  effect,  is  that  there 
Is  probably  solvent  trapped  In  the  cured  coating  tdilch 
Is  not  easily  evaporated  In  a  thicker  coating  as  In  a 
thinner  coating.  When  exposed  to  humidity,  the  trapped 
solvent  absorbs  water  more  readily  then  the  coating 
thereby  causing  the  insulation  resistance  value  to  drop. 

Bart  9  Dielectric  Withstanding  Voltage*  after  moisture  resistance 

All  epoxy  and  polyurethane  specimens  passed  the  dielectric  with¬ 
standing  voltage  testa  specified  In  paragraph  U*7*8  of  MlL-P-55110 
and  paragraph  U*U*3*2  of  SCL-6225* 
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FROORAM  FCR  NEXT  INTERVAL 


(1)  Complets  TmIcs  A  through  F  Rutses  1  -  $ 
where  Application  le  feasible. 

(2)  Begin  Phases  B  and  C. 


-18. 


IDBITIFICATIQN  OF  KEY  PiSlSONNEL 


Tim  Spent  ■  Hours 


Mr.  Anthony  Becoaslo 

Ri'ojeot  Engineer 

292 

Mr.  Ernest  Colon 

Ibchnlclan 

290 

Mr.  Leonard  Nero 

Statistician 

U5 

Mr.  Lester  Powell 

Senior  Coiqponent  Engineer  « 


Mr.  Arthur  Bethke 

Chemist  * 


TOTAL  69-7 


*  Mr.  Powell  and  Mr.  Bethke  are  available  at  no  cost 
to  the  project. 
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TABUS  n 


‘nila  tablA  has  bs«n  purposely  omitted. 


1 

1 


U  &  111 


Av«ragt  thlokiMSt  (ixwhai 


0.013 

0.013 

0.012 

0.010 

0.010 

0.019 

0.010 

o.eiii 

0.019 

0.019 


0.009 

0,007 

0.013 

0.013 

0.005 

0.006 

0,005 

0,006 

0.006 

0.00b 

0.012 

0.006 

0.011 

0.019 

0.00b 

0.006 

0.006 

0.010 

0.008 

0.006 

o.ou 

0.020 

0.00b 

0.012 

0.012 

0.006 

0.012 

0.010 

0.019 

0,015 

0,012 

O.OIB 

0.003 

0.009 

0.016 

0.008 

0.008 

0.012 

0.01b 

0.013 

oooooooooo 

OCOOOOOOOO 

0,009 

O.OU 

0.009 

0.007 

0.019 

0,010 

O.OU 

0,013 

O.OU 

O.OU 

0.016 

0.016 

0.016 

0.019 

0,02li 

0.016 


0.016 

0.022 

0.013 

O.Ollt 

0.017 

O.Olli 

0.01b 

0.013 


0.009 

0,01b 

0.00$ 

0.009 

0,009 

0.009 

0,013 

0.013 


0.00b 

0,009 

0.009 

0.006 

0.013 

0.008 

0.006 

0.012 


0.010 


0.008 

0.020 

0.016 

0.017 

0.012 

0.015 

0.013 

0.01b 
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TABIX  V 


I 

i 

i 

I 


i 


nriB.^gfgC  oniiaTiMt  CT 


MriL 
oo5  # 

IjjW 

3  mo 

6^25110 

20 

2L 

IM 

A 

3*63 

3.51 

3.36 

*3.28 

3.26 

3.23 

3.17 

B 

3.3U 

3.20 

3.1U 

3.07 

3.0b 

3.01 

3.00 

C 

U.28 

U.Ob 

3.61 

3.65 

3.65 

3.57 

3.b6 

i 

3.15 

3.06 

2.99 

2.90 

2.87 

2.83 

2.61 

a 

U.li6 

U.22 

U.03 

3.96 

3.59 

3.5b 

3.b8 

H 

3.UO 

3.36 

3.32 

3.2U 

3.17 

3.1b 

3.13 

I 

U.18 

U.OU 

3.86 

3.68 

3.5U 

3.b8 

3.36 

»iz< 


XNViSNOS  dfliSI’Bia 


TikBU  VII 

MSSIPATiqi  FACTOR  or 


BKirr  ODATUPS  IWD  Inca  . 
nrqn  aacaottHS 


MFR. 

1  me 

LSS. 

nTfiSIPAgOB  FACm 
6.25  mo  30  me 

iomc 

iLss. 

100  me 

A 

0.05U 

0.0li9 

O.OliU 

O.ObO 

0.0U2 

0.0li7 

0.0li9 

B 

O.OliT 

0.030 

0.035 

0.030 

0.030 

0.033 

0.03U 

C 

0.076 

0.075 

0.077 

0.065 

0.078 

0.070 

0.080 

D 

0.0$6 

0.0li7 

0.052 

0.03U 

0.030 

0.031 

O.03U 

G 

O.06I1 

0.059 

0.073 

o.oa5 

0.052 

0,066 

o.oUo 

H 

0.016 

0.018 

0.023 

0.020 

0.019 

0.026 

0.020 

I 

0.039 

o.oUo 

0.058 

0.036 

o.ohU 

0.059 

— 
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TABLE  IX  (CONT.) 


Mfr. 

code 

no. 

Laminato 

Test 

specimen 

type 

Average 

thick, 

of 

panels 

1 

me. 

50 

me. 

100 

me. 

Av.  Q 

Av.  IT 

Av.  Q 

Av.  0? 

Av.  Q 

Av.  IF 

F 

3E 

control 

- 

97.0 

0.010 

Ksm 

0.010 

83.3 

0.012 

coated 

0.003 

70.  h 

0.0114 

0.009 

97.3 

0.010 

03 

control 

171.6 

0.006 

131.1 

0.008 

100.3 

0.010 

coated 

0,005 

131.6 

0.008 

106.8 

0.010 

122.3 

0.008 

OF 

control 

- 

123.8 

0.008 

91.7 

0.011 

02.7 

0.012 

coated 

0.005 

109.1 

0,009 

90.8 

0.011 

132. 14 

0.008 

Emr  (r^E) 

control 

- 

66.14 

0.015 

51. 14 

0.020 

38.7 

0.026 

coated 

O.OOh 

65.0 

0.015 

I49.2 

0.020 

I46.O 

0.022 

PF 

control 

68.2 

0.015 

111.  5 

0.021 

37.9 

0,026 

coated 

0.005 

63.9 

0.016 

I47.5 

0.021 

70.6 

O.OII4 

J 

OE 

control 

93.9 

0.011 

71.3 

O.OII4 

80.7 

0.012 

coated 

0.009 

57.0 

0.013 

53.9 

0.019 

147.5 

0.021 

03 

control 

I6I4.8 

0.006 

1D1.I4 

0.C09 

30. 14 

0.012 

coated 

0.007 

814.7 

0.012 

73. 14 

0.01x4 

62. 14 

0.016 

‘  Ti^ 

control 

• 

156.2 

.  nnA 

6":. 9 

0.015 

65.3 

0.015 

coated 

0,008 

61.0 

0.016 

57.8 

0.017 

51.3 

0,020 

EXXXP  (PE) 

control 

66,9 

0.015 

35.3 

0.023 

38.2 

0.026 

coated 

0.008 

147.2 

0.021 

33.0 

0.026 

32.3 

0.030 

PP 

control 

- 

70.2 

0.01I4 

62. 14 

0.016 

36.6 

0.027 

coated 

0,009 

50.  li 

0.020 

33.5 

0.027 

33.0 

0.030 

IE 

control 

127.5 

0.003 

9h.9 

0.011 

76.3 

0.01)4 

coated 

0.013 

95.8 

0.010 

71.I4 

O.CII4 

63.9 

0.015 

03 

control 

- 

156.7 

0.006 

IIS.8 

0.003 

76.3 

0.013 

coated 

0.011 

I2lj.6 

0.008 

71.5 

O.OIJ4 

79.3 

0.013 

•1  ~i 

Jj 

control 

- 

I2ij.6 

0.008 

95.5 

0.010 

75.2 

0.013 

coated 

0.015 

102.8 

0,010 

7u.2 

0.0114 

78.3 

0.013 

EXXXP  (PE) 

control 

- 

59.1 

0.017 

68.2 

0.015 

31.9 

0.031 

coated 

0.020 

53.1 

0.017 

140.9 

o.o?a 

35.8 

0.023 

r? 

control 

- 

80. 14 

0.01? 

a7.5 

0.021 

1;3.2 

0.023 

coated 

O.OII4 

65.6 

0.015 

39. 14 

0.025 

I43.2 

0.023 

I 

OE 

control 

100.0 

0.010 

93.3 

0.011 

81.8 

0.012 

coated 

0.006 

75.0 

0.013 

63.9 

0.015 

59.7 

0.017 

03 

control 

- 

136.1 

0.007 

103.9 

0.010 

36.1 

0.012 

coated 

0.^06 

I2I4.8 

0.008 

79.3 

0.013 

69.2 

O.OII4 

control 

- 

127.6 

0.008 

95.2 

0.011 

77.9 

0.013 

coated 

0.003 

99.1 

0.010 

70.8 

0.013 

6I4.7 

0.015 

EXXXP  (PE) 

control 

- 

60.3 

0.017 

I43.O 

0.023 

39.7 

0.025 

coated 

0.006 

5I4.I 

0.018 

35.8 

0.020 

35.14 

0.031 

PP 

control 

- 

72.6 

o.oih 

146,0 

0.022 

1(5.3 

0.022 

coated 

0.0C7 

6)1,6 

G.015 

?:3.2 

O.C23 

37.3 

0.027 
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TA'JLE  X 


Q-FACTOR  AFD  USSirATIOr  FACTOR  HELISURE  XTS  OF  FOLTl’RET.'iuJE  GOaIEJ 
SrSCIIIElI  X  TEST  FaIIELS 


I-Ifr, 

code 

no. 

Lanina te 

Test 

specimen 

type 

Average 

thick. 

of 

1 

me. 

50 

pic. 

100 

me. 

Av.  Q 

Av,  H 

Av.  Q 

Av.  U' 

Av.  Q 

Av.  IT 

GE 

control 

72.1 

o.oih 

102.9 

0.010 

72.8 

O.Oll, 

coated 

0.010 

65. h 

0.015 

76.2 

0.013 

57.9 

0.017 

Q1 

control 

- 

91.2 

0.011 

12lt.8 

39.9 

0.011 

coated 

0,010 

79.7 

0.013 

91,. 1 

69.7 

O.Oll, 

GF 

control 

- 

92.8 

0.011 

106.0 

35.1, 

0.012 

coated 

0.008 

79.1 

0.013 

81,. 3 

62.7 

0.016 

Exnp  (PE) 

control 

- 

I46.2 

0.022 

lili.l. 

0.022 

1,3.1, 

0.023 

coated 

0.009 

39.9 

0.025 

1,2.1 

0.021, 

36.3 

0.028 

pp 

control 

- 

5I4.7 

O.OIB 

53.0 

0.019 

1,3.1, 

0.023 

coated 

0.009 

)j6.3 

0.022 

1,6.0 

0.021 

35.1 

0.029 

11 

GE 

control 

«• 

61,.  8 

0.015 

76.0 

0.013 

62.9 

0.016 

coate  d 

0.008 

1,9.5 

0.020 

61,. 1 

0.016 

51.7 

0.019 

G3 

control 

- 

103.7 

0.009 

130.7 

c.ooe 

32.2 

0.012 

coated 

0.011 

68.2 

C.015 

39.2 

0.011 

67.3 

C.015 

GF 

control 

- 

83.9 

0.011 

97.5 

0.010 

35.1, 

0.012 

coated 

0.005 

65.3 

0.015 

37.1, 

0.011 

65.2 

0.017 

EXXXP  (FE) 

control 

- 

'-il.Ii 

0.027 

b6,0 

0.022 

36.2 

0.023 

coated 

0.006 

37.1 

0.027 

1,0.8 

0.025 

37.1 

0.027 

PP 

control 

- 

51.6 

0.020 

1,7.3 

0.021 

39.7 

0.025 

coated 

0.010 

•il.l, 

0.021, 

60.2 

0.017 

35.1 

0.029 

CC 

GE 

control 

69.9 

0.011, 

91.0 

0.011 

70.1 

O.Oll, 

coated 

0.009 

3?.  6 

0.012 

02.6 

0.012 

6h.2 

0.Q16 

G3 

control 

- 

31.3 

0.012 

105.3 

0.010 

82.2 

0.012 

coated 

0.007 

75.8 

0.013 

91,. 1 

0.011 

66.7 

0.015 

cy 

control 

- 

99.3 

0.010 

107.3 

0.009 

85.1, 

0.012 

coated. 

0.003 

80.1, 

0.012 

38,2 

0.011 

63.0 

O.QI6 

EXXXP  (PE) 

control 

- 

1,7.2 

0.021 

1,3.1 

0.023 

39.7 

0.025 

coated 

0.006 

!i2.7 

0.021, 

h2.h 

0.021, 

36.3 

0.027 

PP 

control 

- 

51,. 0 

0.018 

51.7 

0.019 

1,3.1, 

0.023 

coated 

o.ro6 

!i7.8 

C,021 

50.0 

0.020 

39.9 

0.025 

DD 

GE 

control 

- 

60.9 

0.017 

77.9 

0.013 

65.1, 

0.015 

coated 

0.009 

62.3 

0.016 

7lj.5 

0.013 

56.6 

0.013 

G3 

control 

- 

71.'.  0 

O.Oli, 

127.5 

O.OOG 

81,. 1 

0.012 

coated 

0.007 

100.6 

0.010 

109.9 

0.009 

73.9 

O.Oll, 

GF 

control 

- 

102.3 

0.010 

96.7 

0.010 

75.6 

0.013 

coated 

0.008 

31.1 

0.012 

92.0 

0.011 

67.5 

0.015 

EXXXP  (PE) 

control 

- 

li't.O 

0.023 

1,3.1 

0.023 

38.0 

0.026 

coated 

0.006 

1,2.7 

0.023 

1,2.3 

0.023 

33.7 

0.026 

PP 

oontrol 

- 

51.3 

C.020 

1,1,. 6 

0.022 

33.0 

0.026 

coated 

0.006 

1,9.7 

0.020 

1,7.1, 

0.021 

37.2 

0.C27 
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TABLE  X  (CONT.) 


MTr. 

code 

no. 

Laminate 

Test 

specimen 

type 

OG 

OE 

control 

coated 

GB 

control 

coated 

OF 

control 

coated 

EXXXP  (PE) 

control 

coated 

PP 

control 

coated 

GE 

control 

coated 

G3 

control 

coated 

T 

control 

coated 

EXXXP  (PE) 

control 

coated 

PP 

control 

coated 

II 

GS 

control 

coated 

}3 

control 

coated 

S’ 

control 

coated 

EXXXP  (PE) 

control 

coated 

PP 

control 

coated 

66.6 

55.1 

107.1 

82.7 
88.5 
67.1* 
bh.O 
37.9 

149.7 
145.5 


Av,  IF 


0.016 

0.017 

0.008 

0.010 

0.011 

0.012 

0.023 

0.025 

0,018 

0.022 


0.015 

0.018 

0.009 

0.012 

0.011 

0.015 

0.023 

0,026 

0.020 

0.022 


0.013 

0.016 

0.012 

0.015 

0,012 

O.Olli 

0,022 

0.026 

0.019 

0.022 


76.0 

69.3 

llO.li 

97.8 

95.9 
82.1 
I4I4.5 
I42.I 
51.0 
I45.I1 


75.5 

66.5 
12I4.8 

98.2 

IOI4.O 

33.5 
I43.I4 

141.3 

145.3 

I43.O 


80.6 

107.1 

77.6 

146.7 
I4O.5 
55.2 

146.7 


Av.  IF 


0.013 

O.OII4 

0.009 

0.010 

0.010 

0.012 

0.023 

O.02J4 

0.02D 

0.022 


0.013 

0.015 

0.008 

0.010 

0.010 

0.012 

0.023 

0.02li 

O.C23 

0.023 


0.010 

0.0114 

0.010 

0.012 

0.009 

0.013 

0.021 

0.025 

0.013 

0.021 


Av.  IF 


0.01 

0.02 

0.01 


0.013 

0.013 

0.015 

0.025 

0.019 

0.02U 

0.028 


0.017 

0.019 

0.013 

0.013 

O.OII4 

0.C16 

0.025 

0.029 

0.026 

0.023 


O.Olij 

0.013 

O.Oli] 

0.016 

0.012 

0,016 

0.013 

0.026 

0.025 

0.030 


TABLE  XI  -  PHOTOGRAPH  OF  INSULATION  RESISTANCE  TEST  SETUP 


SPECIMEN  Y 


Laminate 

and 

Sample  No. 

Pattern 

1  Number 

Q-11 

Sample  A 

1 

2 

3 

Control 

G-10 

Sample  A 

1 

2 

3 

Control 

EXZXP 

Sample  A 

1 

2 

3 

Control 

OF 

Sample  A 

1 

2 

3 

Control 

mp 

Sample  A 

1 

2 

3 

Control 

EXIP 

Sample  C 

1 

2 

3 

Control 

OF 

Sample  C 

1 

2 

3 

Control 

G-10 

Sample  C 

1 

2 

3 

Control 

XXXP 

Sample  C 

1 

2 

3 

Control 

G-n 

1 

Sample  C 

1 

2 

3 

Control 

5.0x1011 

5.0bc1011 

5.Qxl0ll 

1.0x1012 


5.QX1011- 

5.0x1011 

5.0x1011 

9.0xl0ll 


2.5x1 
2.5xli 
5.oxioii 

1.1x1012 


1  Xl0l2 
1.2x1012 
1.5x1012 
1.5x1012 


2,0x1012 

3.0x1012 

3.0x1012 

3.0xl0l? 


5.5x1 

5.5x1' 

5.0x1 

5.6x1 


Insulation  Resistance,  after  (in  ohms 


8.0x109 

7.0x109 

1.5xl0l0 

2.2x106 


1.2x1610 
9.0x109 
8.Qx109 
6. 0x100 


6,Qx1C9 

7.0xl0> 

9.0x109 

3.5xic7 


U.Qxl09 

6.0xl09 

1.5x1010 

7.0x107 


8.0xl09 


3.Oxl0l0 

2.5xlOlO 

2.5x1010 

5.0xioio 


2.5x1610 

2.5xlOlO 

U.OxlOlO 

1.0xlo9 


2.0xl0l0 

2.5xlOlO 

6,OxlOlO 

2.0x1011- 


2.0x1012 

1.5x1012 

1.5x1012 

2.0x1010 


1.0xl0l2 

9.0xl0ll 

1.0xl0l2 

2.2x107 


9.0x10^^ 

1.3x1C^2 

1.8x1012 

2.6x10' 


5.0xl0ll 

6,0xl0ll 

U.Oxioii 

1.3x100 


1.0xl0l2 

1.5xl0l2 

1.3x1012 

U.6xlo7 


U.OxloH 

U.QxlOU 

3.5x1011 

5.0x1011 


3.0x1011- 

3.Qxl0ll 

3.Qxl0ll 

3.Qx107 


5.0xl0ll 

5.0xl0ll 

6.0x10^ 

2.5xlOO 


3.5xl0l0 

3.0xl0l0 

7.03c1030 

1.5xl08 


7.530.010 

l.QxlOll 

3.0x1010 


8,Oxl0l0 

8.0xl0l0 

l.lxloP 

1.5x100 


8,0xl09 

l.OxlOlO 

i.53aoio 

7.0x109 


l.5xi6io 

i.5xiolo 

U.QxlOlO 

i.5xioii 


i.oxi6io 

i.5xiolo 

i.5xiolo 

li.0xl09 


3.0x1610 

U.OxlOlO 

7.0x1010 

1.5:"10ll 


5.0x1010 

6.0x1010 

i.5xioio 


6,Qx1010 

6.0X10‘’0 

S.OxlolO 

1.5xl07 


l.OxlolO 

l.lxlolO 

1.3xl0l0 

7.0x109 


8.0x1o9 

8.0xlo9 

l.OxlC^O 

1.0x100 


2.5xl0ll 

2.0x1011 

2.5x1611 

3.0x1011 


i.5xioii 

1.2xl0ll 

1.3xl0ll 

Erratic 


2.5xl0ll 

2.0x1011 

2.5x1011 

3.5x1011 


1.5xl0ll , 
1.2xl0ll 
1.3xlOll 
1.2x105 


l.OxlOll 


2.QxlOll 

1.5x1011 

2.0x1011 

2,5x1011 


9.Oxl0lO 

8.Qxl0l0 

7.0xl0l0 

2,0x104 


3.0xl0p- 

2.5x108 


l.5xloll 
1.8x1011 
2.0xl0ll 
6 *0x107 


I.lxl0l0 

l.OxlolO 

l.OxlOlO 

l.OxlO^ 


l.lxioll 

l.Oxloll 

l.Oxloll 

l.Qxl00 


Landnute 

and 

Sample  No. 

Pattern 

Number 

0-11 

Sample  D 

1 

2 

3 

Control 

XXXP 

Sample  D 

1 

2 

3 

Control 

GP 

Sample  D 

1 

2 

3 

Control 

EXXXP 

Sample  D 

1 

2 

3 

Control 

0-10 

Sample  D 

1 

2 

3 

Control 

Sample  E 


Sample  E 


Sample  F 


Sample  F 


EXXXP 


Sample  F 


Sample  F 


1 

2 

3 

Control 


1 

2 

3 

Control 


1 

2 

3 

ontrol 


1 

2 

3 

ontrol 


5.0x1011 

U.OxlOll 

5.0x1011 

I.lxl0l2 


8.0x1011 

1.0xl0l2 

1.0xl0l2 

1.5x1012 


1 

1.0xl0l2 

1.2x109 

2 

1.5xlOl2 

1.5xl09 

3 

7.0xl0ll 

1.5xl09 

ontrol 

1.5x1012 

1.0xl07 

2.0x1012 

2.0x1012 

2.5x1012 

2.5x1012 


3.0x1012 

3.0x1012 

3.0x1012 

3.5x1012 


1.5xlOl2 

1.9x1012 

2.0x1012 

2.5x1012 


U.0xl0l2 


1.5x1012 

I.lxl0l2 

I.lxl0l2 

U.5xl07 


2.5xlOll 

6.0xl(^ 

7.0x101° 

1.5x108 


1.2x1012 

1.0xl0l2 

9.0xl0ll 

5.5xlo7 


7.0x1011 

8.0x1011 

e.oxioii 

ii.OxlO? 


U.OxlOlO 

l.Oxloll 

6.0xl0l° 

8.0x109 


3.5x1010 

8.Qxl0l0 

5.5x10^° 

l.lrlolO 


2,5xiolo 

5.oxi(AO 

3.0xl0l° 

7.0x109 


l.QxlOlO 

1.8xl0l0 

l.lxlOl° 

3.0x109 


spscmEwy 


Laminate 

and 

Sample  No. 

Pattern 

Number 

Insulation  Reslsta 

nee.  after  (in  ohms) 

initial 

lat  cycle 

5th  cycle 

7th  cycle 

loth  cycle 

G-n 

Sample  F 

1 

2 

3 

Control 

U.Qx1012 

3.5x1012 

2.0x1012 

3.0x1012 

1.5x1012 

1.1x1012 

8.0x1011 

3.5xl07 

6.0x1011 

^.Oxioll 

U.QxlOll 

5. 0x10 7 

2.5x1011 
3.0x1011 
2.5xlOll 
Erratic  & 

U.OxlOll 

U.oxioH 

3.0x1011 

5.0x103 

1.5x10^ 

l.SbcLOH 

i.5xioii 

7.0x103 

G-11 

Sample  G 

1 

2 

3 

Control 

3.OXIOI5 

2.5x1(A2 

1.5x1012 

3.0x1012 

1.5x1o5 

1,5x109 

1.6x10? 

3.2x107 

6.0x10^ 

8.0x10? 

3.5-10? 

l,Sxl07 

i.5xicA0 

i.53c1o10 

7,0x10? 

7.0x106 

2.QX1010 

i.5xioio 

1.5xlo9 

5.0x106 

'i'.5xio9  ^ 
1.0x10? 
1.5x10? 
2.6xloU 

BZXZP 


Sample  0 


Sample  G 


Sample  G 


Sample  G 


1 

2 

3 

Control 


1 

2 

3 

Control 


S.QjclO? 

5.0xlo9 

3.Qx109 

7.0x105 


Emp 

Sample  H 

1 

2 

3 

Control 

G-11 

Sample  H 

1 

2 

3 

Control 

GF 

Sample  H 

1 

2 

3 

Control 

XXXP 

Samole  H 

2 

3 

Control 

G-10 

Sample  H 

1 

2 

3 

Control 

3.Qx1012 

3.5x1012 

5.0x1012 

U.5x1012 


3.5x1012 

3.5x1012 


U.0xl09 

2.0x10? 

1.8xl09 

2.Qx107 


8 

8 


l.OxlO? 


l.SxlO? 

1.9x10? 

1.2x10? 

2.0x107 


1.1x10? 

l.OxlO? 

1.0x10? 

1.0xl07 


9 
9 
9 

5.5x10? 


1.2xlOlO 

l.QxlOlO 

2.0xl0lO 

7.0x10’^ 


9.0x10? 

7.0x10’^ 


1.3xl0l0 

I,2xl0l0 

l.QxlOlO 

2.5x107 


i.5xioio 

l.QxlolO 

6.Qx109 

U.OxlOlO 


7.0xl0l0 

U.5xioio 

3.5x1010 

1.5xlo8 


l.OxloU 

l.lxioll 

9.0x10^ 

2.5x10° 


7.0x109 

9.0x109 

l.QxlOlO 


2.7x1010 

3.0x10? 

1.7xl0l0 

9.0x10? 


9.0x10? 

1.6xl0l0 

i.x>xioio 


i.5xioio 

8.0x10? 

1.8xl0l0 

7.0x1o5 


2.5xlOll 

3.QxlOll 

2.5xl0li 

U.Qx107 


8.0x10? 

6.0x10? 

7.0x10? 

Erratic 


6.0xl0l0 

6.Qx1010 

6.Qx1010 

l.Qxl0l0 


5. 

3. 

3. 


i.5xioio 

l.QxlOlO 

6,0x109 

1.5x10? 


SPECIMEN  y 


Laminate 

and 

Sample  No. 

Pattern 

Number 

Insulation  Resista, 

nee,  ai’ter  (in  ohms) 

initial 

let  cycle 

5th  cycle 

7th  cycle 

10th  cycle 

XXXP 

Sample  I 

1 

2 

3 

Control 

2.5xl0l2 

3.0x1012 

3.0x10^1 

3.0x10^2 

3.5x10U 

iuOxioii 

i.5xioii 

8.0x10^ 

l.Pxloll 

1.3x1011 

l.Oxloll 

k.oxlO' 

i.oxioii 

l.lxlOii 

l.OxlOii 

5.5x10? 

i.5xio^J- 

1.5x1011 

l.OxlOil 

7.0x10' 

6.0x1010 
3.0x101° 
4. 5xl0l° 
1.8x10' 

EXXXP 

Smaple  I 

1 

2 

3 

Control 

3.5xlol2 

3.0x1012 

3.0x1012 

l+.0xl0l2 

3.0xloll 

2.0xl0ll 

l.lxloJl 

6.0x10° 

B.OxlolO 

6.Oxl0l? 

2.2x101° 

8.0x10' 

6. 0x10 1° 
5.0xioi° 
2.2xl0l° 
3.5x10' 

3.5xl0l0 

2.5xl0l° 

1.8xl0l° 

1.0xl0i° 

i.oxioio 

7.5x109 

5.6x10? 

1.2x10° 

G-10 

Sample  I 

1 

2 

3 

Control 

5.0x10^^?- 
1|.,  0x1  oil 
k.OxlOii 

8.5x10^2 

l>.5xioii 

6.0xl0ll 

3.5.cl0ii 

1.5x10^’ 

3.0xl0l? 

S.oxioji 

S.oxioli 

1.5x10° 

1.5x10?^ 

3.0x1011 

3.0x10° 

r^oxioi° 

it..0xloj^ 

5.0x1011 

2.0x10°. 

1.8x101° 

2.0xl0^J 

2.0x1011 

7.0x10? 

I4..OXIO' 

G-11 

Sample  I 

1 

2 

3 

Control 

2.0x105-2 

k.OxlOi^ 

3.5xl0l2 

3.5x10^2 

7.0x1011 

i5.xioi^ 

k.0xl0l2 

8.oxio" 

3.5x1011 

3.0x10^1 

3.0xl0ll 

1.5x10° 

2.0xl0ll 

2.0xl0ll 

1.5xl0ll 

1.5x10' 

3.0x1011 

2.5xl0ll 

2.0x1011 

1.2x10° 

i.5xioii 
1.0x10 11 
7.0xl0l° 
1.0x10? 

GP 

Sample  I 

Con'rol 

3 

2 

1 

3.0x10^2 

2.0x1012 

1.5x101^ 

1.3xi0-^‘- 

2.5x1o7 

6.0x101? 

6,0xl0l-^ 

k.Oxio^ 

l.ojcio" 

3.0xlol° 

7.0x10.1;; 

1.0xl0l° 

2: 5^01° 
l.OxlQif 
k.5xl0l° 

1.3x10^ 

1.1x101° 

3.5xl0jj^ 

2. 5x10 1° 

1.5x1o5 

li.OxlO? 

2.  5x101° 
i..5xioi° 

TT-TO'  ■ 

Sample  AA 

1 

2 

3 

Control 

2.0x10^2 

2.0x1012 

2.5x1012 

3.0x10-^2 

"..Oxiol? 

1.0x10? 

1.0xl0i2 

l.UxlO^ 

2. 5x10^ 
2.0x10° 
3.0xl0l° 
8.0x10° 

1.5x1o5;^ 

1.8x109 

2.5xl0l° 

3.5x10° 

2.Oxl0l° 

8.0x10° 

9.0x10^ 

3.0x10° 

2.5x10^ 

8.0x10° 

6.0x107 

1,0x10° 

EXXXP 

Sample  AA 

1 

2 

3 

Control 

3.5x1012 

3.0x1012 

3.0x1012 

3.0x10-l2 

k.Oxloll 

3. 5x10 11 
2. 5x10 11 
k.oxio' 

2.5x10}° 

2.5x101° 

2.0x101° 

0 . 0x10 ' 

8.0xl0j° 

6.0x101° 

6.0x101° 

8.0x10° 

i.5xioio 

1.0xl0j° 

1.0x101° 

1.2x10° 

7.0x109 

7.0x10° 

6.5x10? 

6.0x10° 

XX  XP 

Sample  A A 

1 

2 

3 

Control 

2,5x1012 

3.0x1012 

3.0x10:^; 

3.5xio12 

1.5x1o12 

7.0x1011 

1.2x102^ 

2.0x10' 

1.5x10^^ 
1.5x101 j 
2.0x10^-^ 
7.0x10° 

6. 5x10^t 
5.5x10^^ 
5.0x101-^ 

2. 0x10 k 

1. 5x1 oil 
1.3xl0il 

1.  2x10^-^ 
,2.6x102 

1.5x10^} 
1. 3xlOil 
l.^xlO;-^ 
2.0x10° 

GP 

Sample  AA 

1 

2 

3 

Control 

k.oxioi^ 

k.OxlOi- 

k.0xl0l2 

.  5x1012 

1.5xl0l? 

1.5x1011 

1.3x1012 

1.5xl07 

l.OxloJ-^ 

5.0xl0l° 

0.0x101° 

3.5x107 

2. 5x10^ J 
1.5x1011 

2. 5xl0ll 

l.OxlO^ 

3: '§1^1° 

6.0xl0l° 

7.5x1o4 

6.0x10^^ 

2.5xl0l° 

k.oxio-*-° 

9.0x10^ 

G-11 

Sample  AA 

1 

2 

3 

Control 

U.Oxioi? 

4.0x1012 

IuOxIqI^ 

J|..2xlol2 

3.0x1012 
2.5x1012 
I,0xl0i2 
1.0x10 ' 

5.0xlC)ll 

U.OxlOll 

3.)xl0il 

1.  3X10' 

5.0xl0ll 

5.0x1011 

o.oxIqIi 

Leaky 

3. 0x10 11 
h, Oxioll 

3.  OxlOil 

7.0x10° 

3.0x1011 

2.5xl0ll 

2.5xlOil 

6.0x10° 

Laminate 

and  Pattern 

Sample  No.  Number 


1 

2 

3 

Control 


1 

2 

3 

Control 


1 

2 

3 

Control 


1 

2 

3 

Control 


Sample  BB  3 

Control 


3.5xl0ll 

^.^xioll 

3.0x10' 


3. 0x10  T.OxloJ-J 
3.0x1012  9.0xl0fJ 
3.0xl0lf  l.OxlO^^ 

14..  0x10^2  3,0x10^° 


Insulation  Resistance,  after  (in  ohms 


$th  cycle  I  7th  cycle 


I.,'5xl0?-J'  1.5x10?-^ 
l.^xioj-}  2.0xl0jj- 
2.0x1011  3.0x1011 

2.0x10'  Erratic 


1.5x10^^ 

2.0x1011 

2.0xl0i-‘- 

U.OxlO' 


8.0xl0}-° 
8.0x101? 
1.2xl0ll 
3.  5x10 ' 


1 . 2xl0ll 
1.2x10^1 
1.3x10;^ 

3.5x10' 


l.SxloJ-J-  l.OxloJ-J 
i.5xioii  i.oxioii 
2.0x1011  i.ixloP 
3.0x10° 


6.OXI0II 

5.0xl0tT 

5.0x10“ 

I|..0xl0' 


8.0X101J 

l.OxlO^^ 

1.3x10“ 

2.0x105 


Ij..  0x10^2 
5.OXI0I2 
3.5xioi2 
i4.5xlol^ 


1.5x10?-?  l^.OxlO??  1.3x10??  9.0x10?? 

1.1x10?!  i^.OxlO??  1.3x10??  8.0x10?? 

1.5x10?!  li.OxlO?!  1.3xlo!!  1.0x10?! 

3.5x10'  1.3x10°  1.1x10'^  i4..5xlO^ 


OF 

Sample  CC 

- ^ 

1 

2 

3 

Control 

XXXD 

Sample  CC 

1 

2 

3 

Control 

0-10 

Sample  CC 

1 

2 

Control 

EXXXP 

SampleCC 

1 

2 

3 

Control 

0-11 

1  Sample  CC 

1 

1 

2 

3 

Control 

l4..5xlO?2  l,0xl0?2  1,1x10?!  3.0x1 

l+.OxlO??  1.5x10?^  1.3xl0?i  3.0x1 

l+.OxlO??  1.2x10“  6. 0x10?°  1,3x1 

6.0x1012  2.0x10'  2.0x10'  5.0x1 


6. 0x10? f 
5.5x10?? 
5.5x1012 
6  xlol2 


1.5xl0?2 
1.0x10?? 
1.5x10? 2 
1.5x1012 


1.5x10? I 
1.5x10!2 

i.5x105, 

2.0x1012 


1.1x10? 2 
1.0xl0?2 

1 . 51x0  X 
2.6x10° 


2.0x10?? 

ij§f?har 

6.0xl0!! 


1.5x10?? 

1.0x10?? 

6.0xl0l° 

1.8xl0T 


2.0x10??  2.0x10?? 

1.5xl0!!  1.5x10?! 

1.1x103-1  7.0x103-, 

1.5xloll  i.5xioi! 


2. 5x10?2 
3.0x10?2 
2,.5x10!2 
2.5x10!2 


1.5x10?2  1.3x10?2  5.0x10?? 

1.51x0?2  1.1x10??  5.0x10?? 

6.0xlo!°  2.0xlol!  1.9x10!! 
1.7x10'  1.5x10 9  3.0x10' 


9.0x10?? 

1.6x10?? 

l.OxlO?! 

6.0x109 


1.3x10?2  1.0x10?2 
1;.2x10?5  1.0x10?? 
1.0xl0!2  9.0x10?! 
9.0x10'^  7.0x10^ 


3.0x10?? 
3. 0x10?! 
2.0xl0f! 
1.3x10^ 


SPSCIMEM  Y 


Laminate 

and 

Sample  No, 

Pattern 

Insulation  Resistaj 

ice,  after  Cin  ohms) 

Number 

Initial 

lat  cycle 

5th  cycle 

7th  cycle 

10th  cycle 

G-10 

Semple  GC 

1 

2 

3 

Control 

3.0x10^2 

k,  0x10^1 
5.0xl0jf 

5.0x10^2 

k. OxloJ-J 

l. OxloJt 

3.0x10^1 

2.8x10' 

1.3x10.^  2 

I.lxl0l2 

I.lxl0l2 

3.5x10' 

1.3x10^2 

1.0xl0l2 

1.0xl0l2 

3.5x10^^ 

:2.5xioii 

2.5x1011 

k.oxio^ 

2.5xl0}} 

2.0x1011 

2.5xlOll 

8.0x10^ 

GP 

Sample  GG 

1 

2 

3 

Control 

k.0xl0}2 

5.5x10^2 

6.0x10^5 

6.0x10-^^ 

k. Oxlo}? 

8,OxlO:ft 

5.OXI04I 

l. 0x10 ' 

8, OxlO^i 

i.Oxio:^2 

1.0xl0l2 

k.oxio' 

7. 0x1 oil 

7.oxio;f- 

7.0x10*1 

k.oxio° 

2.0x10*} 

■2.0xl0fi 

2.0x1011 

1.5x1 oil 
l.Bxlolf 
1.5xl0ll 
1.5x10^ 

XXXP 

Sample  GQ 

1 

2 

3 

Control 

p-- 

6,0x10;:^ 

k.  OxlOfl 

2.5xioJ2 

2.  5x10^2 

2.5x10^^ 

2.  OxlOt J 
2.5x10^1 
1.5x10'  ■ 

3.0x10^^ 

3.0x1011 

2.5xloll 

5.5x101^ 

2. 5x10 
2.5xl0ll 
2.0x1011 
1.0x10° 

8.0xlo}° 

7.OXI0IO 

5.0x101° 

1.5x10^ 

k.OxlO^°’ 

k.oxioio 

3.0x101° 

7.0x10° 

G-11 

Sample  GG 

1 

2 

3 

Control 

k.0xl0j2 

5.  oxioif 
6. 0x10 

6.0x10^2 

k.oxiojj 

k. Oxloll 
5.0xl0:i-^ 

l. 8x10' 

7.0x1011 

7.0x1011 

9.0xl0:t-^ 

k.oxio' 

7.O:d0ll 

5.0x1011 

7.0xl0i-^ 

2.0x10^ 

i.5xioii 

i.5xioii 

1.8x10^1 

6.0x105 

l.Oxloll 

l.OxlOll 

9.0xl0i° 

1.2x10° 

EXXP 

Sample  GG 

1 

2 

3 

Control 

5.0x10^2 

5,  0xl0:f2 

k.OxlO-^^ 

5.0x1u12 

3.5x10\1 

3.5xlO::f 

2.5xl0i-^ 

5.5x10' 

6,0xl0ll 

5.0x10^ 

k.oxio-^-^ 

Q,0xl0^ 

0, OxIqII 
5.0x1011 
6.0x1011 
5.0x10° 

2.OXI0II 

1.5x1011 

2.0x101-^ 

2.0x1011 

7.0x101} 

l.Oxlo}! 

1.0x10° 

XXXD 

Sample  HH 

1 

2 

3 

Control 

J  •  PA-LU-  ^ 

3.5x10J-2 
k. 0x10^2 

3.0x10^^ 

3.0x10^1 

k.oxiO'^'^ 

2.9x10' 

6.0xloll 

7.0xl0ll 

e.oxioii 

6.0x10' 

k.Oxloii 

k. Oxloll 
5.5xioll 

l. 0xl05 

i.5xioii 

l.lxioll 

l.Oxloll 

1.5x10° 

6.0xl0l° ■ 
7.0x101° 
5.0xioi° 
1.2x10° 

GF 

Sample  HH 

1 

2 

3 

Control 

6.0x1012 

8.0xl0l2 

9.5x10|2 

l.OxlO-'-J 

1.9xlol0 

2. 0x1 oil 
2.0x10*1 
2.0x10° 

6, 5xloll 
6.0x1011 
5.0xl0ll 
R.OxlO' 

8.0x1011 

8.0x1011 

7.0x10*1 

3.5x10° 

2.0x1011 

2.5xlOll 

2.0x1011 

7. 0x10 1° 

l.lxioll  , 
1.5x10.11 
1.3x10}! 
5.0xioi° 

G-10 

Sample  HH 

1 

2 

3 

Control 

5.  0x10^2 

6.5:xl0:f2 

7.0x10^2 

1.0x10-^^ 

6.0x10^^ 

7.0xl0;:f 

6. 0x10;^-^ 
5.0x10' 

7.0xloll 

1.0xl0:f2 

9.0x10^1 

:..oxio° 

9.0x10^^ 

8.0xloli 

9.0x10^1 

5.0x10^ 

3.5x1o11 

k. OxlOff 

3. 5x10 11 

l. 0x10° 

2.0xl0}} 

3.0xl0}} 

3.0xl0}l 

6,0x10° 

G-11 

Sample  HH 

1 

2 

3 

Control 

7.0x10^2 

7. 0x10^2 

8.0x1012 

.Ixl0l3 

k.Oxio^^ 

k.oxioii 

k.oxioii 

2.0x10° 

7. 0x1 oil 
7--0xl0ll 
B.Oxloll 
8.0x10° 

6.OXI0II 

G.Oxloll 

7.0x1011 

+.0x10' 

2. 5x1 oil 
2.0x101} 
i.5xioii 
1.0x10' 

l.Oxlo}! 

l.lxio}} 

l.Oxloll 

k.OxlO° 

EXXXP 

Sample  HH 

1 

2 

3 

Control 

2. 0x10^2 
7.0x1012 

7.5x1011 
R. ^xioll 

3.5xloll 

3.5x1o11 

1.1x1012 

3.0x1o7 

S.Oxloll 

1.0xlol2 

5.0x1011 

3.0x10° 

B.Oxloll 

3, 0x1 oil 
6.0x1011 
5.0x10^ 

3.0x1011 
3.0x1011 
3.8x1011 
1.5x1 08 

3.0xl0ll 

3.0x1011 

2.0xl0ll 

3.0x10? 

•f 


SFBCIHEirl^ 


Laminate 

and 

Sample  No, 


Pattern 

Number 


Initial 


Insulation  Reaial 


lat  cycle 


5th  cycle 


3.0xl0j} 

U.OxlOlJ- 

2.0xl0jl 

P.OxlQO 


2.5xl0U 
3. 0x10^ J 
y.oxiojo 

2.2x10" 


l.5xloJ} 
2.5x105-1 
2. 0x10 11 
7.5x107 


1.3xl0W 

1.0xl0|^ 

7.0xl0l° 

l4..5xl0" 


1.8x105-5-  9.0x105-9  6.0x101? 

2.2x1015-  I.IXIOI5-  7.0x105-? 
I8.XIOII  1.5x1 oil  8.0x1010 
Leaky  1.0x10 7  7 .5x10 5 


7.OXI0I? 

l.lxioll 

7.5x1010 

7.0x107 


I 

1 

I 

9 


8.0xl0l° 

8.0x105-? 

6.0x105-? 

1.5x101Q 


2.OXI0I? 

2.0x105-? 

1.8xl0l0 

8.0x10^ 


G-10 

Sample  II 

1 

2 

3 

Control 

.3xl0l^ 

1  XIO5-2 
.8xl0l2 

.8x1012 

3.0xioii 
I4..  0x105-5- 
3.0x1011 

3. 5xl07 

li.OxlOll 

6.0x1011 

5.0x1011 

1.0x10® 

4. 0x105-1 

6.0x1Q11 

4.0x109 

2.0x10^ 

2.5x105-1 

3.5xl0ll 

4-7x109 

2.0x10® 

2.5x105-1 

3.5x105-1 

3.0x1011 

Erratic 

4.5x1o5 

G-11 

Sample  II 

1 

2 

3 

Control 

1  xl0l2 
.5xl0l2 

.Ixl0l2 

9  xioll 

5.0xio9 

2.0x1011 

l4..5xl07 

3.0x1011 

3.5x105-5- 

2.0x1011 
1,  xl06 
(Leaky) 

1.8x1 oil 

1.5xl0ll 

9.0x1010 

2,0x105 

1.5x1 oil 

i.5xioii 

l.Oxloll’ 

1.2x1o5 

G-11 

Sample  GE 

1 

2 

3 

Control 

8  xloll 

1  xloll 

i.5xioii 

l.lxioll 

6.0xlolO 

6.0xlolO 

7.0x105-1 

.Ixl0l2 

l.ipcioll 

2.0x10° 

2.0x1011 

2.0x107 

1.5xl0ll 

1.5x107 

B.OxIqIO 

1.5x107 

7.0xlolO 

5.0x107 

SPBCIMEN  X 


Laminate 

and 

Sample  No, 

Pattern 

Number 

G-11 

San^le  A 

1 

2 

3 

Control 

XXXP 

Sample  A 

1 

2 

3 

Control 

OF 

Sample  A 

1 

2 

3 

Control 

G-10 

Sample  A 

1 

2 

3 

Control 

EXXXP 

Sample  A 

+ 

1 

o 

3 

Control 

Exnp 

Sample  C 

1 

2 

3 

Control 

G-10 

Sample  C 

1 

2 

3 

Control 

GF 

Sample  C 

1 

2 

3 

Control 

XXXP 

Sample  C 

1 

2 

3 

Control 

Initial 


3  xl0l2 

1.0xl0^‘ 

l.OxlOi-2 

1.8x1012 


l,0xl0X2 

2.0x1012 

.5xlOl2 

1.0xl0l2 


1.0xlol2 

1.3x1012 

1.8xl0l2 

2.0x1012 


1.0xl0l2 

l.Oxlol^ 

2.0xl0l‘^ 


1.5x10 12 
2 .0xl0l2 
2.Gx1012 
2. 2x10 12 


2.0x1011 

5.oxioii 

3.0xl0ll 

7.0x10' 


1.2xl0ll 

2. 0x1  oil 

2.5xl0ll 

3.0x10^ 


1.5x1 ©12 
i.5xio12 
i.5xio12 
2.5x109 


1.5x10^2 

2.0xl0l'^ 

2.5x1012 

2.0x10' 


3.5xl0l2 

U.Oxlol^ 

2.0x1012 

1.5x10' 


5th  cycle 


.  2.0xl0ll 
3.0xl0ll 
2.5xlOll 
3.0x107 


5.0xl0ll 

6.0xl0ll 

6.0xl0ll 

7.0x10' 


2.5xl0l0 

6.0xl0l° 

6.0xl0l° 

l.Oxlo”^ 


6.0xl0l0 

6.0xl0l° 

5.0xl0l° 

1.0xl05 


2.0xl0j-l 

1.5xl0ll 

1.7xl0ll 

7.0x10° 


B.OxIqII 

R.Oxloll 

8.0x101^ 

2.0x10' 


h.Oxloll 
IuOxIqII 
ii.5xioii 
2 .0xl05 


2.5xl0l0 

5.5xloi° 

6.0xl0l° 

9.0x10° 


S.Oxlol^ 

S.OxIQI;" 

5.oxioi° 

7.5x1o5 


3.0xl0l° 

3.5x1010 

3.5xlol° 

3.5x10' 


l.Oxloll 

1.3x1o11 

i.5xioii 

l.OxlO^ 


5.0xioii 

li.Oxlol-- 

5.0xioii 

1.8x1o5 


3.0xloll 

i.5xioii 

l.OxlQll 

3.0x10' 


6.0xl0l° 
7 .Oxiol^ 
7 .Oxioj^ 
2.0x10° 


3.5xl0lJ 

h.OxlQll 

U.oxioJ-i 

6.0x10^ 


2.5xl0ll 

l.lxioll 

8.0xl0l° 

3.0x10° 


2.0xl0ll 

2.5xl0ll 

2.5xl0ll 

l.OxlO'-" 


SPECIMEN  X 


Laminate 

and 

Sanqple  No. 

Pattern 

1  Number 

Q-U 

Sample  C 

1 

2 

3 

Control 

mp 

Sample  D 

1 

2 

3 

Control 

Q-11 

Sample  D 

1 

2 

3 

Control 

G-10 

Sample  D 

1 

2 

3 

Control 

OF 

Sample  D 

1 

2 

3 

Control 

mxp 

Sample  D 

1 

2 

3 

Control 

initial 


3. 0x10^2 
3.0x10^; 

3.0xl0jt 

3.0x10^2 


sistance.  after 


$th  cycle  1  7th  cycle 


5.0xl0j-2 

5. 0x10^2 
3.5x10^2 
2.5x10° 


1.0xl0l2 

1.0xl0l2 

2.0x1012 

2.0x1012 


3.5x109 

l;.0.xl09 

3.7x109 

U.OxlO' 


U.5xl09 

U.5xlo9 

5.5xlo9 

3.5x10' 


3.5xlC^?- 

1.3xl0il 

2.0xl0l^ 

1.2x10° 


l.OxlO?-® 

6.0x10^^ 

9.0xl0f 

3.0x10^^ 


1.0xl0j-° 

2.0x10^ 


5.0x10^ 

5.0x107 

5.5x107 

U.7xlO' 


3.5x1o12 

2.0x10;2 

2.0x10:^; 

2.0x10-‘-2 


1.8xl0l0 

2.2xlOl° 

2.0x10^° 

U.Oxlo'7 


l.5xioJJ 

i.5xioi° 

1.5x10^° 

erratic 


2.5x10^° 

2.0xl0l° 

1.8xl0j° 

5.0x10° 


-.0x10^ 


l.lxl0j° 

1.3x105 


G-10 

Sample  E 

1 

2 

3 

Control 

2.0x10^2 

i.5xio12 

1.5x10“ 

1.5x10^2 

EXXXP 

Sample  E 

1 

2 

3 

Control 

2 .0x10^2 

2.0x10^2 

3.0x1012 

3.0x10^2 

i.5xioi° 

1.7x10;^° 

i.5xioJo 

2.5x10^ 


3.0x10:^ 

2.2x10:^ 

2.0xl0:j 

5.0x10' 


2.1x10^° 

2.5x10“ 

2.0x10;^^ 

8.0x10' 


6.0x10^ 

6.0x10^ 

5.5x107 


5  xlO 


xlO^ 

(leaky) 


l.lxlO^O 

l.OxloJ'-' 

9.0x10^ 

1.5x10^ 

(leaky) 

9. 0x10^ 
8.0x10" 
8.0x10^ 
leaky 

8.0x10^ 

6. 0x10 9 

l.OxloJ® 

7.0x1o9 

8.0xl0f 

6.0x10? 

3.5x10^ 

B.Oxloi^ 

t 


SPECIMEN  X 


Laminate 

and 

Sample  No. 

Pattern 

Number 

Insulation  Reslstai 

nee.  after  (in  ohms) 

initial 

let  cycle 

5th  cycle 

7th  cycle 

10th  cycle 

XXXP 

San^le  E 

1 

2 

3 

Control 

BE 

BE 

1.3x10“ 

1..3xl0l° 

l.Oxlol® 

U.oxio'^ 

2.U10“ 
2.2xl0l'l 
i.5xioi° 
Less  thffilO^ 

8.0x109 

8.0x10^ 

5.0x109 

9.0x10^ 

l.OxlolO 

l.OxlolO 

8.0x10^ 

7.0xl0l 

9.0x10^ 

9.0x107 

6.0xl09 

5.0xJ.0^ 

G-11 

Sample  E 

1 

2 

Control 

2.0x10^2 

2.0x10:^, 

2.3'xl0|; 

1.0x10-^'^ 

i.5xioi° 

9.0xl0( 

1.2x10^^ 

5.0x10' 

2.5x10^° 
i.5xioi^ 
2.0x10-^  , 
.ess  then  lo'' 

9.0x10^ 

l.OxloJ 
7.0xl0f 
1.0x1  o'' 

l.lxloJ° 

9.0xl0(- 

l.Oxlof'^ 

U.Oxlo" 

1.1x10q° 

5.5x10^0 

9.0xl0p 

5.0x10'' 

GF 

Sample  E 

1 

2 

3 

Control 

1.5x1012 

1.5x1012 

1.0x10^2 

1.0x10^2 

2.5xl0j-0 

I.5xi0"0 

l.Txlol'l 

l.Oxlo" 

2.5xl0l° 

1.8xl0l° 

2.0xl0l° 

3.5x10' 

7.0x10^ 

6.0x109 

6.0:<1o9 

l.OxlO'^ 

9.0x109 

7 .0x10^ 
6.0xl0f 
l.Oxlol 

i.5xioio 

I.OxIqIO 

1.2xlolO 

1.3x10^^ 

iwmmmaHm 

ihbhhhhh 

^■bb^hhhi 

BflfllHHiHH 

G-IO 

Sample  F 

1 

2 

3  ; 
Control 

1.5x1012 

1.0x10^2 

.5xl0’-2 

1.0x10^2 

l.oxiol-l- 

l.Sxloll- 

l.lxioll 

8.0x10' 

3.5xioii 

2.0xl0ll 

i.5xioii 

2.0x20'^ 

2. 0x1  oil 

i.oxinii 

9.0xlol‘^ 

2.0x10'^ 

2.0x10-11 

1.0x1 oil 

S.oxiqIO 

2.0xl00 

h.  0x1 oil 
2.5xl0ll 
2.0xl0ll 

i. 5xio'’ 

GF 

Sample  F 

1 

2 

3 

Control 

1.0xl0l2 

1.3x10J-2 

1.3x10J-2 

,9x10^2 

1.3xl0ll 

2.0xl0ll 

2.5xlOil 

3.0x10' 

1.8xl0ll 
2.5xl0ll 
2.fixl0ll 
less  then  10^ 

i.oxiqII 

i.5xioii 

i.5xioii 

l.OxlCh^ 

l.Oxloll 

i.5xioii 

i.5xioi^ 

l.OxlO'^ 

3.0xl0ll 

3.0xl0ll 

3.0xl0ll 

3.0x10^ 

XXXP 

Sample  F 

1 

2 

3 

Control 

.8x101-2 

.6x101-2 

.5x101-2 

.Ixl0l2 

l.OxlOll 

1.2xl0ll 

l.Oxloll 

lesstheiiol' 

5.0x1010 

a.oxioio 

li.5xioio 

5.0xioio 

3.0x1010 

3.0x1010 

l.OrdOll 

6.0xl0l0 

5. 0x10 10 
5.5x104 

G-11 

Sample  F 

1 

0 

3 

Control 

.01xl0l2 

9.9xl0ll 

8.5x10^1 

9.0xl0ll 

l.Oxlol-l 

l.lxioll 

l.lxioll 

7.0x10' 

l.lxioll 
l.Rxloll 
I.PxIqH 
less  ttien  10^ 

9.0xlolO 

I.OxIqH 

8. 0x10 10 
9.0x10^ 

B.OxlolO 

9.3xl0l0 

6.0xJ.0l0 

2.0x10'^ 

l.Oxloll 

1.3xl0ll 

a.o^doio 

2.0x104 

EXXXD 

Sample  F 

1 

2 

3 

Control 

9.0xl0l-l 

9.5x101-1- 

O.Oxloll 

S.Oxloll 

5.0xioii 

l.'ixioll 

1.2x1 oil 
5.0x107 

7 .0xl0l° 
l.lxioll 
l.lxioll 

less  then  10^ 

5.0xioio 

9,Oxl0l0 

O.OxIqIO 

6.0x10^ 

3.0xl0l0 

6.0xiolo 

5.0jaoio 

6.0x10^ 

2.0xlolO 

3.0xlol° 

3.0xlolO 

l.ijxl04 

yvVin 


SPECIMEN 

X 

Laminate 

and 

Sample  No, 

Pattern 

Number 

G-10 

Sample  G 

1 

2 

3 

Control 

EXXXP 

Sample  G 

1 

2 

3 

Control 

G-11 

Sample  G 

1 

2 

3 

Control 

XXXP 

Sample  G 

1 

2 

3 

Control 

GF 

Sample  G 

1 

2 

3 

Control 

XXXP 

Sample  H 

1 

2 

3 

Control 

G-10 

Sample  H 

1 

2 

3 

Control 

EXXXP 

Sample  H 

1 

2 

3 

Control 

OF 

Sample  H 

1 

2 

3 

Control 

initial 


3,5x10?-2 
3.0x10^; 
3. 0x10:^, 

3.0xl0-‘-"^ 


U.0xl0l2 

U.0xl0l2 

3.0x1012 

1.0x1012 


l.'^xioj^ 

li.oxiQi; 

U.5xioi^ 


Insulation  Resistance,  after  (in  ohms' 


5th  cycle  7th  cycle 


7. 5x10^ 
8.5x109 
l.lxlQl^ 
3.5x10'^ 


e.oxio^ 

U.8x109 

l.OxlolO 

2.0x10' 


8.5x109 

9.0x109 

3.0x109 

2.6x10' 


5.0x10® 

9.0x109 

8.0x109 


1.0x10^° 

7.0x10^ 

h.OxlO^ 

1.1x10' 


U.0x].0® 
2.0x10^^ 
2 .0x10? 
2.5x1 


8.5x1 

7.5x1 

1.5x1 

U.Oxl 


9.0x10^ 

9.0x109 

i.5xioi° 

3.0x105 


1.3x10^ 

1.2x10^ 

U.OxlO“ 

1.5x10^ 


8.0x10^ 

6.0x10^ 

5.0x10^ 

2.0x10° 


2.0x10^ 

2.5x10^ 

3.0xlOf 

U.6xl0^ 


2.0x10^ 

1.7x10^ 

7.0x10° 

5.0x10^ 


7.5x109 

7.0x107 

5eOxlOj 

7.0x10^ 


7.5x10? 

1.8xl0l° 

9.0x10? 


1.1x10-^  U.OxJO? 

,  6.0x10?  3.0x10? 

1.0x10?  2.1x10?  1.0x10? 

1.0x10^  6.0x10^  ii.O:ao5 


2.5x10? 

h.OxlO? 


l.OxlO^J 

1.0x10 

2.0x10^^ 

1.0x10° 


1.0x10? 

1.0x10? 

1.5x10? 

3. 0x10? 

i.5xioii 

6.0xl0l0 

3.0x1.010 

3.0x10? 

4.5x10® 

5.0x10° 

9.0x10° 

5.0x10? 

R.0xl0l° 

R.oxioij 

l.5xioii 

5.0x10? 

1.0x10? 

1.0x10? 

1.0x10'' 


U.OxIOq 

5.0x10? 

l.OxlOp 

9.0x10^ 


SPECIMEN  X 


Laminate 

and 

Sample  No. 

Pattern 

Number 

Insulation  Neslsta 

nee,  after  1 

in  ohms) 

Initial 

PBIHl 

5th  cycle 

7th  cycle 

LOth  cycle 

G-11 

Sample  H 

1 

2 

3 

Control 

li.OxlO^^ 

U.0xl0|^ 

U.oxio;^ 

l.OxlOp 

2. 2x10? 
5.0x10? 
2.5x10' 

U.OxlO^ 

2.5x10^ 

U.oxioj 

9.0x10^ 

1.3x10® 

1.5x10° 

2.0x10, 

2.0>J.0'^ 

:  7.0x10^ 

:  T.oxioj 

,  l.lxiof^ 
5.0x10^^ 

1.1x10^ 

1.2x10^ 

2.0xl0f 

5.0x10'' 

XXXP 

Sample  1 

1 

2 

3 

Control 

6.0x10^2 
3.5x10^2 
U,5xioJ-2 
5.0x1 0^2 

i.5xioii 

l.OxlQll 

5.OXI0IO 

2.0x10' 

9.0xlol*l 

6.OXI0I® 

7.0xl0l° 

1.5x1o5 

3.0xl0l° 

2.0xlol° 

2.5xl0l° 

l.Oxlo'^ 

7.0X1011 

U.Oxiuii 

5.0xioii 

3.0x10^ 

3.0x1011 

2.o>a.oii 

3. Oxioll 
5.0x10'' 

G-11 

Sample  I 

1 

2 

3 

Control 

3.5x1012 

3.0x1012 

3.0x1012 

3.5x1012 

i.5xioi° 

l.lxioll 

5.0x1011 

1.0x10" 

1.3xl0ll 

2.5xl0ll 

6.0xl0ll 

1.0xl07 

ii.OxlolO 

7 .0::10l0 
2.5>aoii 

2.0x10° 

3.5xloil 

2.0x1011 

S.Oxlofl 

i.5xio" 

i.5xioii 

7.0:cl0l'^ 

s.oxiqII 

2.0x10° 

G-10 

Sanple  I 

1 

2 

3 

Control 

U.0xl0l2 

U.0xl0l2 

U.0xl0l2 

2.5x1012 

5.0xioii 

T.Oxloll 

O.Oxloll 

8. 0x10  9 

5.0x1011 

6.OXI0II 

6.0xl0ll 

3.0x1011 

l.Oxloll 

2.5xloll 

2.5xl0ll 

7.0x109 

h.Oxloll 

U. 0x1 oil 

U;oxioii 

3.0xloll 

errat-.c 

2. Oxioll 
i.5xioii 
5.0x1011 
(leaky) 

EXXXP 

Sample  I 

1 

2 

3 

Control 

3.5x1012 

3.Rx1012 

Ii.0xl0l2 

Ii.5xl0l2 

2.5xio;’ 

1.5xicl2 

i.Uxlop 

2.5x101' 

2 , Oxioll 
i.5xioii 
l.loxioll 
2.0yin" 

P.Oxlol^ 

6.0x3.0l° 

6.0x1011 

6.0';1o7 

■ 

3.5xl0l1 

2. 5x1 oil 

3.0x1011 

3.0x107 

GF 

Sample  I 

1 

2 

3 

Control 

U.lxiol; 

U.7x1012 

1i.8x1o12 

;:.oxioi2 

U.o>aoi2 

h.5xlol2 

3.0x1012 

2.11X10'’ 

fi.Oxloll 

8. 0x1 oil 

5.0x1011 
less  then  10^ 

2.5:aoii 

3.0x1011 

1.8:<10ll 

2.0x10'^ 

U.Oxloll 

Ij.Oxloll 

2.5xl0ll 

2.0x10'' 

2. 5x1 oil 

2.5xl0ll 

2. 0x1 oil 

6. 5x10'' 

G-11 

Sample  AA 

1 

2 

3 

Control 

5.nxlol2 

I4.OXI0I2 

i4.5xlol2 

5.0x1012 

i. 5xio12 
3.0x1012 

ii. 0xl0l2 
8.0x10”^ 

2.5xl0ll 
5.Oxl0l‘- 
B.OxIqII 
2.0x1 qI 

lu5xioii 

3.1x1011 

5.0x1011 

5.0x10'^ 

1, Oxioll 
I.OxIqH 

U.  Oxioll 

1.6x10° 

1*. Oxioll 
2.5xl0ll 

3.  Oxioll 
l.Ox')07 

OF 

Sample  AA 

1 

2 

3 

Control 

U.5x1o12 

5.0xlol2 

5.5x1o12 

6.0x101^^ 

U.0xl0l2 

1  ,0xl0l2 
7.0x1012 
1.5x107 

■ 

5. 0:1  oil 
6.0xl0ll 
6.0xloll 
xlO^ 

5. Oxioll 

6. Oxioll 
6.0:d0^1 
i.ixio5 

U. Oxioll 

5. Oxioll 
5.0x10^ 
1.5x1o5 

G-10 

Sample  AA 

1 

2 

3 

Control 

7.0x1012 

6.5x1012 

6.5xlOl2 

6.0xl0l2 

7.5x1012 

8.0xl0l2 

^0xl0l2 

1.0xl09 

3.5x1o11 

H.  0x10 11 

9.0x1011 

I. 1x107 

3.0x1011 

5.0x1011 

5.0x1011 

2. 0x10 6 

i4.  Oxioll 

5. Oxioll 
5.0x1011 
1.0xlo6 

l.OxloS 

U. Oxioll 
3.5xl0ll 

9.0x1o5 

SPECIMEN 

X 

Laminate 

and 

Sample  No. 

Pattern 

Number 

EXXXP 

Sample  AA 

1 

2 

3 

Control 

mp 

Sample  AA 

1 

2 

3 

Conti ol 

OF 

Sample  BB 

1 

2 

3 

Conti ol 

0-11 

Sample  BB 

1 

2 

3 

Cont  ol 

XXXP 

Sample  BB 

1 

2 

3 

Conti ol 

EXXXP 

Sample  BB 

1 

2 

3 

Cont.  ol 

0-10 

Sample  BB 

1 

2 

3 

Control 

G-11 

Sample  CC 

T 

X 

2 

3 

Control 

0-10 

Sample  CC 

1 

2 

3 

Control 

initial 


9.9x1 

5.5x1' 

6.0x1 

5.5x1 


U.Oxlol2 

Ii.0xl0l2 

I4.5xl0l2 

5.0x10^2 


Insulation  Resistance,  after  (in  ohms 


5th  cycle  7th  cycle 


3.5x1012 

3.0x10^2 

U.OxlO^^ 

1.2x10' 


3.0x10^2 

U.5x10^2 

U.0xl0*2 

7.0x10° 


8. 0x10^0 
l.OxlOll 
i.5xioii 
1.0x105 


i.5xicP-i 

1.23d.(P-l 

2.0jd05;l 

1.2x105 


^.Oxio] 

8.0x10^° 

8.0x10^° 

1.5x10'^ 


3.5xl0j-l 
h. 0x10 
2.5xl0ll 
li.CxlO' 


:d.oll 


5.0xio12 

Ii.0xl0l2 

5.5xioi2 

i.5:aoii 

U.Oxlol? 

2.0xl0ll 

2 .2x1011 
h.Oxlol'' 

2. 0x10 9 

9.0x101*^ 

r.OxlolO 

l.Oxlo‘7 

5.0xlol° 

6.0xiol° 

5.0xioi^ 

2.0x10° 

i.5xiol° 

2.0xl0l° 

i.exioii 

y-Oxlo”^ 

I.OxIqI^ 

I.OxIqI^ 

1.0xlol3 

l.Pxlo”^ 

8.5xl0ll 

T.OxIqH 

B.OxIqII 

1.3x10° 

3.Ci:cl0ll 

Ji.oia.oii 

5.0xioii 

5.0x10^ 

6.0xloll 

5.oxioii 

6.0>iLOll 

5.5x10^ 

li.Oxloll 

3.0x10^ 

ii.Ox]oll 

2.6x10^ 

rf  fi-.-inll 

^  •  V.' AX  ^ 

3.5xlOll 

ll.OxloH 

2.5xlOll 

5. 0x10 11 

Ji.OxlOll 

5.0xJ.oii 

i.5xioii 

5.5xioii 

l.o.xioll 

li.Oxloll 

2.0xLOll 

3.0x10° 

2.0x10^ 

2.0x109 

3.0x107 

3PBCIMEN 


Laminate 

and 

Sample  No* 

Pattern 

Insulation  Resistaj 

ice,  after  (in  ohms) 

Number 

initial 

let  cycle 

5th  cycle 

7th  cycle 

10th  cycle 

GP 

Sample  CC 

1 

2 

3 

Control 

k. 5x10^2 
6,0x1012 

6.5x10^ 

6.0x10^2 

I.lxl0l2 

2.0x1012 

I,0xl0l2 

2.0x107 

6.0xl0ll 

5. 0x1 oil 
5.0xioii 

1.0x10 7 

k.Oxloll 

i.5xioii 

2.5xloll 

5.0x10° 

l+.Oxloll 

1.3xl0ll 

3.5xl0ll 

1.0xl07 

2.5xl0ll 

e.oxioi? 

2. 5x1 oil 
i.ipao^ 

XXXP 

Sample  CC 

1 

2 

3 

Control 

6.0xl0l2 

^.2x1012 

6.5x10-2 

6.0x1012 

2.0xl0ll 

3.0xl0ll 

6.0xl0ll 

7.0x107 

1.5xl0ll 

1.3xl0ll 

2.0x1011 

3,0x10° 

B.OxlOlO 

8.0xlolO 

l.oxlop 

5.0x10° 

l.Oxloll 
1.0x1 oil 
i.5xioii 
5.0x105 

k.oxioio 

5.0x1010 

8.0x1010 

3.0x105 

EXXXP 

Sample  CC 

1 

2 

3 

Control 

6. 2x10^2 
6.5x1012 
6.5x1012 
6.3x10^2 

3.0xl0ll 
6.0xl0fl 
5.0xl0ll 
LI. 0x10° 

2.5xl0ll 

2.0xloll 

2. .0x1  oil 
Le^^j^than 

l.Oxloll 

B.OxlolJ 

l.Oxloll 

3.5x1o5 

1 . 5x1  oil 
l.Oxloll 
l.Oxloll 
6.0x103 

U.0xl0l0 
3. 5x10 W 
k.OxlolO 

4.0x104 

G-10 

Sample  GG 

1 

2 

3 

Control 

n. 0x10^2 
8. 0x10^2 

8.0xl0l2 

7.0x1012 

6.0xl0ll 

5.0xl0ll 

'5.0x1011 

8.0x107 

5.nxl0ll 
3.0xl0ll 
IwOxloll 
less,  than 
104 

k. oxioii 

l. 8x1 oil 
2. 5x1 oil 
1,5x10^^ 

3. 5x1 oil 
2.0xl0ll 
2.5xlOll 
2.0x104 

2.5xl0ll 
1.5x10 11 
i.5xioii 
4. 0x104 

GP 

Sample  GG 

1 

2 

3 

Control 

8. 0x1 0^2 
H.0x1012 
8.0x10^2 

9.0x10^2 

7.0xl0ll 
1.5x101;- 
9.0x1 oil 
3.5x107 

2. 5x1 oil 

3. 0x1 oil 

2.5xl0ll 

1. 5xloll 
2.0xl0ll 
l.Sxloll 

l.Oxloll 

l.5xloii 

l.lxloll 

1.3xi05 

7.0xioio 

9.0xlolO 

7.0xl0l0 

6.0x104 

G-11 

SampleGG 

1 

2 

3 

Control 

7.5xl0l2 

7.0xl0l2 

7.5x1012 

8. 0x10^2 

I.lxl0l2 
8.0xlol2 
I.lxl0l2 
1.2x10 7 

6.0x1012 

5.0x1011 

U.Oxloll 

1.5x10° 

k.Oxloll 

2. 5x1 oil 

2. 5x1  oil 
k.5xio5 

k.oxioii 

3.5xloll 

2.5xloll 

5.0x10^ 

2. 0x1 oil 
l.Oxloll 
1.5x1 oil 
2.4x105 

EXXXP 

Sample  GG 

1 

2 

3 

Control 

8.0x1012 

7.5x10^2 

8.0xl0l2 
7. 0x10^2 

k. Oxloll 
T.Oxloll 
e.oxioi- 

l. 6x107 

l.Oxloll 

i.5xioii 

1.6x1011 

le^g^than 

6.0xlol° 

B.Oxlol? 

l.Oxloll 

i.5x1o5 

2.5xlolO 

k.Oxioio 

5.0xioio 

2.0x105 

l.OxlolO 

i.5xioio 

1.8xlolO 

2.0x107 

XXXP 

Sample  GG 

1 

2 

3 

Control 

8.0x10^ 

8.0xl0}2 

8, 0x10^2 

8. 5x10 12 

3.0xl0ll 

7. 5x1  oil 

5.  5x1  oil 
3.0x107 

1.5x1  oil 
k. 0x1 oil 
k. 5x10^1 
6.0x10° 

1.03d  oil 

2. 5x1 oil 
2. 5x1 oil 
1.0x10° 

l.OxloJ-l 

2.0xl0ll 

2.0x1011 

2.6x105 

6. 0x10 10 

1.5x1 oil 
1.3xl0ll 
1.0xlo5 

GP 

Sample  HH 

1 

2 

3 

Control 

8.Ox1012 

8.0x10:[2 

8.0x1012 

8,0x10-^^ 

B.oxioll 

O.OxIqII 

B.OxIqII 

1.3x10^ 

k.oxioii 

2. 5x1 oil 
7.5xl0ll 
6,0x10  ’ 

2.5xl0l^ 

L.lxioii 

O.Oxloi"- 

5.0x10'^ 

1.5x10^^ 

1.0x10^1 

1.5xl0il 

9.0x10' 

8.0xlol° 

5.0xlOtV 

l.OxlO;^-^ 

1.0x10' 

XXXP 

Sample  HH 

1 

2 

3 

Control 

8,0x1012 

8.5x1012 

8.5xlol2 

9.0x1012 

6. 0x1 oil 
6.0x1011 

6.  ‘ixl  oil 
3.0x107 

l.Oxloll 

1 . 5x1 oil 
1.5x1 oil 
less,  than 
104 

8.0xl0l° 

7.0x1010 

7.0xl0lO 

3.0x104 

k.OxlolO 

3.5xioio 

3.0xl0l0 

erratic 

2.0xl0l0 

l.5xloio 

1.5xl0l0 

2.7x104 

SPECIMEN 


Laminate 

and 

Sample  No. 


Pattern 

Number 


Insula 


Initial 


1st  cycle 


XXXP 
Sample  HIl 


1 

2 

3 

Control 


9.0x1012 

8.5xl0l2 

9.5x1012 

5.0xl0l2 


I,0xl0j2 

2.0x1012 

2.0x1012 

2.8x107 


G-10 


Sample  Hh 


1 

2 

3 


Control 


7.5xl0l2 

5x10^2 

4.2x1012 

5.2x1012 


1. 5x10^2 
1.0xl0l2 
5.0x1011 
5.0x10' 


G-11 
Sample  HH 


1 

2 

3 

Control 


5.2x1012 

4.5x10^2 

5.1x1012 

5.0x1012 


I.lxl0l2 

I.lxl0l2 
1.5x1012 
9.0x10 ' 


GP 

Sample  II 


1 

2 

3 

Control 


5.0xl0l2 

5.5xioi2 

5.5xioi2 

5.0x1012 


3.0x1012 

9.0x1011 

2.5x10i2 

5.0x10' 


G-10 
Sample  II 


1 

2 

3 

Control 


6.0x1012 

9.9x1012 

5.0x1012 

4.0x1012 


1.3xl0l2 

4.0x1012 

i.nxioi2 

1.5x10” 


XXXP 
Sample  II 


1 

2 

3 

Control 


5.0x10:^ 


5.0x1012 

5.0xl0l2 

5.0x1012 


3. 5x1 oil 


2.0x10 


12 


7.0x1011 

n.oxio' 


EXXXP 
Sample  II 


1 

2 

3 

Control 


6.0x1012 

5.5x1012 

6.0xl0l2 

6.0xl0l2 


4. 0x1 oil 
8.0x1011 
6. 0x1 oil 
4.0xl07 


G-11 
Sample  II 


1 

2 

3 

Control 


6,0x1012 
6.2x1012 
6. 2x10 12 
6.0x1012 


1.0xl0l2 

1.0x1012 

9.0xl0il 

5.0x10' 


G-10 
Sample  GE 


1 
2 
3 

Control 


8.0x1012 


12 


2.0x1012 


k-OxlOj^ 


5.0x10- 

6.0x1012 


1.5x10: 


12 


1.5x1012 

I,0xl0l2 


OP 

Sample  GE 


1 

2 

3 

Control 


6.0xl0l2 

5.0x1012 

6.0x1012 

6.0x1012 


7.0x10 


B" 


2.0x10 


12 


2.0xl0ll 

6.0x10' 


-x/yi 


tion  Resistajtice.  after  (in  ohms 


5th  cycle 

7th  cycle 

lOth  cycle 

4.5xl0ll 

6.0x1011 

6.0x1011 

lejgjj^than 

3.0xl0ll 

3.0xl0ll 

3.0xloll 

3.0x104 

3. 0x10 11 
3.0xl0ll 
3.0xl0ll 
1.0xl04 

1.2x1 oil 
i.5xioii 
i.5xioii 
9.0x104 

9. 0x1 oil 
8.0x1011 

6.0xl0ll 

5.0x10^ 

6.0xloll 
5.0x1011 
2.0x1011 
1.0x10 5 

6.0xl0ll 

5.oxioii 

2.5xl0ll 

leaky 

3. Oxioll 
3.0xloli 

i.5xioii 

5.0x104 

1.0xl0l2 

1.0xial2 

1.2x1012 

lejg^than 

4. 5x1 oil 
5.0xioii 

6.0xl0ll 

1.3x102 

6. 0x10 11 

6.0xl0ll 

6.0xl0ll 

6. 0x10 4 

3.0xloll 
2.  5x1  oil 
3.0xloll 
7.5x1o4 

S.OxIqII 

7.0xloli 

9.Oxl0ll 

erratic 

4.oxioii 

5. 0x1 oil 
6,0xl0ll 

5. 0x1 0  2 

4.oxioii 

4.oxioii 

5.oxioii 

1 . 2x1o4 

3.0xloll 

2.0xl0ll 

3.0xl0ll 

2.0x104 

B.Oxloll 

7.Oxl0ll 

7.0xl0ll 

2.0x10” 

5.0xl0ll 

7.0xl0ll 

5.0xioii 

8.0x102 

luOxioii 

4.oxioii 

3. 5x1 oil 

?*  5^0^ 

2. 5xloll 
4.0xl0:;-i 
2.0xl0ll 
1.5x102 

l.lxioll 

1.5x1011 

i.5xioii 

le£g|^than 

5.0xl0l° 

8. 5x10 10 
O.OxlQio 
7.0x104 

5.0xlolO 

l.Oxloll 

5.0xioio 

1.0xlo4 

7.0xlol0 

4.5xioio 

2.0xl0lo 

4.0x1o4 

1.5xl0ll 

1.5xi0ll 

2.0xl0ll 

2.0x10” 

5.0xlolO 

5.oxioio 

8. 5x1 OlO 
1.0xl07 

1.5x1 oil 
1.0x1 oil 
i.5xioii 
1.0xlo7 

l.SxlolO 

i.5xioio 

2.5xlOlO 

5.0x10° 

8,0xl0ll 

1.0xl0i2 

1.0xl0l2 

lesQi,  than 
1C'^ 

6.0xl0ll 

7. 0x1 oil 
5.oxioii 
2.pxl04 

1.2x1o12 

1.5xlol2 
1.3x10 12 
i.Oxio4 

4. Oxioll 
4. Oxioll 
4.  Oxioll 
5.0x1o4 

n.oxioii 

7.0x1011 

G.OxlQli 

3.0xl0-‘-i 

Ij,. Ox  loll 

3. 5x1 oil 

2. 5x1 oil 
2.5xl0ll 

7.0xloll 

6.0xloii 

3.5x1o11 

4.oxioii 

3. Oxioll 
i.5xioii 
7.  Oxioll 
4. Oxioll 

2.  5xl0'^_ 
B.OxlQll 
1.5xl0il 
2.0x10” 

2,0x10^^ 

5.0xioii 

i.oxioio 

L.OxlO' 

3.0  3d0^ 
8.0x1011 
l,8xloll 
1.5x1o7 

5.0x10?" 

2.5xloll 

2.0xl0l'^ 

5.0x10^ 

specimen 


1.0  X  lO*'’ 


V' '9i!B 


l.OX 


Best  Avaiiabie  Copy 


1.0  X  10' 


1.0  X  10* 


I. ox  10* 


1.0  X  10* 


4  4  6 


NUMACR  c:  CVCUS  UND£«  humidiu 


